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Executive summary

This report presents the state of fisheries in Catalonia in 2021. Section 1 describes the results 
of the monitoring of the commercial fishing fleet throughout the year, Section 2 describes the 
changes and updates made to the information systems and data analysis structures, and Sec-
tion 3 analyzes the temporal and spatial structure of bottom trawling fishery métiers in Catalo-
nia. 

Section 1 - Biological and fishery monitoring

The sampling procedures varied depending on the species studied and the fishing gears 
used. The main results are reported by fishing modality and then categorized by species.

Bottom trawling

In 2021, 66% of the total catch corresponded to landed species, while 27% was discarded. 
Organic debris and marine litter represented 6% of the catch. A total of 339 different species 
were identified in our samples, 150 of them belonging to the commercial fraction of the catch 
and 306 to the discarded fraction - some species show up in both fractions. When analyzing 
the results by depth, the lower slope presented the highest percentage of landed catch (71%) 
whereas the continental shelf had the lowest (57%). 

The commercial species monitored in bottom trawling were the hake (Merluccius merluccius), 
the Norway lobster (Nephrops norvegicus), the blue and red shrimp (Aristeus antennatus), the 
horned octopus (Eledone cirrhosa), the spottail mantis shrimp (Squilla mantis), and the caramote 
prawn (Penaeus kerathurus). Species distribution maps, length frequency distribution graphs, 
length-weight relationship parameters, and gonadal cycle graphs representing the gonadoso-
matic index (GSI) are presented for each species. The GSI values in crustaceans are only present-
ed for females, since males present stable GSI values throughout the year.

Within the commercial species, each depth had a different composition, with Squilla mantis, 
Trachurus trachurus, Phycis blennoides, and Aristeus antennatus being the most abundant species 
in the shallow continental shelf, continental shelf, upper slope and lower slope, respectively. 
As for the discarded species, Engraulis encrasicolus and Leptometra phalangium were the most 
abundant species in the shallow continental shelf and continental shelf, respectively. In both 
slopes, the most abundant discarded species was Scyliorhinus canicula. Considering the debris 
fraction, the most abundant elements had a terrestrial origin in all depths. 

Data on catch composition for the bottom trawling fishery are presented by port for the 9 
ports sampled: Roses, Palamós, Blanes, Arenys de Mar, Barcelona, Vilanova i la Geltrú, Tarragona, 
L’Ametlla de Mar, and La Ràpita.
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Purse seine fishing

A total of 76 samplings were carried out for purse seine fishing in 2021. Both target species 
- the European sardine (Sardina pilchardus) and the anchovy (Engraulis encrasicolus)  - present-
ed no variations in their length frequency distributions throughout the years studied (2019 to 
2021). For the European sardine, in 2021 there was a larger proportion of caught individuals 
below the size at first maturity, defined at 10.5 cm by the latest study available in our area (Albo 
et al. 2021), and also below the minimum conservation reference size (MCRS), established at 11 
cm, representing immature and small-sized individuals that had not yet bred. For the anchovy, 
this is observed in 2020 (size at first maturity is 9.6 cm according to Albo et al. 2021, while MCRS 
is 9 cm). 

Species distribution maps, length frequency distribution graphs, length-weight relationship 
parameters, and gonadal cycle graphs representing the gonadosomatic index (GSI) are present-
ed for each species. The reproductive period of the European sardine was observed from Octo-
ber to April, with a peak in December for both sexes. For anchovy, the reproductive period was 
observed from April to October, with a peak from May to July for both sexes.

Small-scale fisheries

The monitoring of small-scale fisheries includes the sand eel fishery, which focuses on the 
Mediterranean sand eel (Gymnammodytes cicerelus), the smooth sand eel (Gymnammodytes 
semisquamatus), and the transparent goby (Aphia minuta), and the common octopus fishery, 
which targets Octopus vulgaris with both pots and traps. The sand eel fishery is the subject of a 
co-management plan, in place since 2014. The common octopus fishery is also co-managed in 
two different areas of the territory: Central Catalonia and the Ebre Delta. Results are presented 
for all of Catalonia and then by zone. 

Section 2 - Information systems and data analysis 

The main technologies used and conceptualization of ICATMAR information systems have 
been described in previous reports (ICATMAR, 2021-02). The present report refers only to the 
last upgrades implemented. The changes affect data input, storage, processing, and visualiza-
tion.

Data input

A system has been developed to allow data input autonomously by each sampler, imple-
menting automatic data checks to reduce errors in data stored in databases and perform au-
tomatic calculations to ease the data analysis. In all samplings on board and in the laboratory, 
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data are collected in sampling forms and entered in the data input website in order to centralize 
information, improve quality, relate data concepts and perform their corresponding calcula-
tions. Updates to the website and database have been implemented to allow for data entry 
from fishing modalities other than bottom trawling, i.e. purse seine and small-scale fisheries. 

The sampling data entered into the database through the input website are combined with 
different sets of external data, i.e Vessel Monitoring System (VMS) geolocation data, landings 
data, and fleet register datasets. The database and input website have also been adapted to 
host data from other projects besides our commercial fishing fleet monitoring program, such as 
studies on fishing gear selectivity or data collection for co-management plans.

Data storage

The data check protocols and structure have been adapted to the different fishing gears 
used. The current database contents include 941 fishing hauls, 2 800 positions, and 270 000 
specimens measured. 

Data processing

Different procedures have improved the data analysis. First, VMS data are now interpolated 
by means of a Cubic Hermite Spline interpolation method developed by Russo et al. (2011), us-
ing vmsBase R package (Russo et al., 2014). Then, standardization and extrapolation of the data 
has been made easier by implementing a number of automatic calculations directly into the 
data input website, including frequency (in number of individuals, ind.), abundance (ind./km2), 
total weight (g), and  biomass (kg/km2).

Data visualization

As for data visualization, the output for geographic products, charts and tables has been au-
tomated using QGIS and R directly connected to the database. More data visualization prod-
ucts include a web architecture, which has been designed to improve the scientific knowledge 
transfer to different stakeholders. A new website will be developed to provide information on 
the institution, services, team, publishing reports, and related news. The new website will also 
host two data viewers, one intended for the general public and one geared towards the scien-
tific community. The general viewer aims to provide access to all stakeholders publicly. There is 
currently a prototype developed in collaboration with Xarxa Maritima de Catalunya containing 
the sampling data for trawling fisheries. The scientific viewer aims to give access to all available 
ICATMAR datasets, either geographic or not, to a variety of users with previously approved au-
thorisation. The system allows publishing layers stored in ICATMAR databases or static datasets, 
each layer containing its metadata, specific styles and attributes. The technologies used will be 
Geoserver and Geonode, a Django based website that allows users management.
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Section 3 - Temporal persistence and spatial 
differentiation of the bottom trawling fishery métiers

This section focuses on five species that are subject to management measures and periodi-
cally evaluated in the geographical subarea 6 (GSA 6, NW Mediterranean, as defined by the 
General Fisheries Commission for the Mediterranean): the hake (Merluccius merluccius), the 
red mullet (Mullus barbatus), the blue and red shrimp (Aristeus antennatus), the Norway lobster 
(Nephrops norvegicus), and the deep-water red shrimp (Parapenaeus longirostris). The analysis is 
conducted following the four distinct bathymetric ranges of the Catalan coast (northern half of 
the GSA06): the coastal shelf (25–100 m), the deep shelf (101–200 m), the upper slope (201–500 
m), and the lower slope (501–800 m).

To account for heterogeneity in fishing practices, the European Common Fisheries Policy rec-
ognizes the importance of a métier-based sampling. A métier is defined as a group of fishing 
operations that aim for a similar group of species using similar fishing gear during the same 
period and / or in the same area and with a similar pattern of exploitation. Then, considering the 
characteristics of the NW Mediterranean trawl fishery, and the current legislative framework, 
two main objectives have been defined for the present work:

• Define a protocol to identify métiers along with their temporal and geographical evolution;
• Characterize the bottom otter trawl (OTB) fleet by métier considering four facts: main target 
species, by-catch harvested community, temporal persistence, and spatial deployment.

Métiers identification by port

A PCA analysis indicates that 45% of the variability is caused by the species composition of 
the catch, which determines a difference between the composition of the shelf métiers (OTB1, 
OTB1A, OTB1B, OTB2, OTB2A, OTB2B) and the slope métiers (OTB3, OTB4). The ports from the 
north and the center of the Catalan coast present two shelf métiers (OTB1- OTB2) and two slope 
métiers (OTB3-OTB4) whereas most ports from the south zone present four shelf métiers, two   
from coastal shelf (OTB1A, OTB1B) and two from deep shelf (OTB2A, OTB2B).

When studying the species that drive the different métiers, several differences were ob-
served. For example, the red shrimp was the only species highlighted in the PCA analysis for 
the lower slope métier (OTB4). Moreover, métiers varied among them and among years, but not 
among the interaction métiers and years, indicating a métier consistency during the time series.

Temporal persistence by port and by métier

The species composition of each métier varied very slightly according to zones. For example, 
the species that were landed the most on the north, central and south coastal shelves was the 
red mullet (Mullus spp.). 
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The amount of trips made by fishing vessels grouped in different Vessel Length (VL) catego-
ries in each métier varied according to zone. As an example, VL from 18 to 40 m accumulated 
most fishing trips in the north whereas in the center and south most trips were done by 12-18 
m VL. 

The number of vessels fishing in each métier decreased throughout time, which aligns with 
the reduction in the Catalan trawler fleet in the last 20 years, where the total number of vessels 
decreased by 42% since 2000.

There were changes in Landing Per Unit Effort (LPUE) in each métier throughout the time se-
ries (2002-2021). For example, platform métiers (OTB1, OTB2, OTB1A, OTB1B, OTB2A and OTB2B) 
had a higher LPUE than upper and lower slope métiers (OTB3 and OTB4).

Spatial differentiation by métiers using VMS data

VMS data was used to spatially differentiate the fishing ground of each métier at the port 
level.
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The Mediterranean Sea is an area with long-established oceanographic and fishing traditions. 
The exploitation of marine living resources started thousands of years ago becoming an area 
of observations and descriptions in which fishing has always been of main importance (Mar-
galef, 1989). Within the Mediterranean Sea, fisheries activities are deeply rooted in the Catalan 
culture and have historically been the main source of income and identity for its coastal com-
munities. However, to ensure future provision of marine resources, there’s a need to develop 
science-based management strategies and implement monitoring programs. For this purpose, 
the Catalan Research Institute for the Governance of the Sea (ICATMAR) was created in Catalo-
nia in 2018 as a cooperation body between the General Directorate of Fisheries and Maritime 
Affairs and the Institute of Marine Sciences (ICM-CSIC). Its aim is to develop the program of the 
Maritime Strategy of Catalonia, which bases the governance of the maritime policies of the ter-
ritory on scientific data, long-term monitoring, and the model of co-management.

Introduction
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Based on their importance in terms of catch and economic value, the target species of the bi-
ological sampling are hake (Merluccius merluccius), Norway lobster (Nephrops norvegicus), blue 
and red shrimp (Aristeus antennatus), horned octopus (Eledone cirrhosa), spottail mantis shrimp 
(Squilla mantis), caramote prawn (Penaeus kerathurus), common octopus (Octopus vulgaris), Eu-
ropean pilchard (Sardina pilchardus), European anchovy (Engraulis encrasicolus) and the sand 
eels (as it is mandatory to monitor them within the framework of the “sonsera” Management 
Plan) including Mediterranean sand eel (Gymnammodytes cicerelus), smooth sand eel (G. semis-
quamatus) and transparent goby (Aphia minuta).

The sampling procedures varied depending on the species studied and the fishing modality 
used to catch them. An overview of the total sampling trips in the three fishing modalities dur-
ing the year 2021 is shown in Figure 1.

Bottom trawling sampling

For bottom trawlers, sampling was done through experimental hauls at different depths, in 
fishing grounds defined by high-fishing effort areas (Sala-Coromina et al., in prep.).

Sampling was carried out from 9 main commercial ports, with a quarterly frequency per port. 
The division of the study area in 3 zones (North, Center and Ebre Delta) is made according to 
both hydrographic and geomorphological traits of the continental shelf (Clavel-Henry et al., 
2021). The ports of the zones where the sampling took place are:

Figure 1. Fisheries monitoring sampling conducted in Catalonia in 2021.

Method
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• North zone: Roses, Palamós, Blanes, and Arenys de Mar.
• Center zone: Barcelona, Vilanova i la Geltrú and Tarragona.
• Ebre Delta zone: L’Ametlla de Mar and La Ràpita (formerly Sant Carles de la Ràpita).

Each sampling day includes three experimental hauls on board of the same vessel, each one 
at a different depth range. Each haul is GPS-recorded with a start and end point, fishing time 
and gear width. These measurements allow the calculation of the swept area to standardize 
species biomass and abundance values. The sampled depth ranges for the Northern and Cen-
tral zones and their corresponding most common target species are:

• Continental shelf (76 – 200 m): hake, horned octopus, caramote prawn and spottail mantis 
shrimp.
• Upper slope (201 – 500 m): Norway lobster, hake and horned octopus.
• Lower slope (501 – 800 m): blue and red shrimp.

However, for the Ebre Delta zone the sampled depth differs due to the distinct geomorpho-
logical structure of the Ebre Delta, where commercial fishing activity takes place exclusively in 
the wide continental shelf, and thus requires a more detailed sampling of this area. The sampled 
depth ranges for the Ebre Delta zone and their most common corresponding target species are:

• Shallow continental shelf (<40 m): spottail mantis shrimp and caramote prawn.
• Middle continental shelf (40 – 75 m): spottail mantis shrimp and hake.
• Continental shelf (76 – 200 m): spottail mantis shrimp and hake.

For the analysis of length and weight frequency distributions (LF and WF, respectively) of the 
target species, the shallow and middle continental shelves of the Ebre Delta zone have been 
unified under the name of shallow continental shelf and cover a depth range from <40 – 75 m. 

Average depth for each haul is then estimated by calculating an average point between the 
start and end points of each haul. Mesh size is 40-mm square for all hauls except in Palamós 
lower slope, where the co-management measures for the blue and red shrimp fishery require a 
50-mm squared mesh.

On board, the fishermen sort the catch into two categories: commercial, i.e. individuals of 
commercial species to be sold in the fish auction, and discard, which can include individuals of 
non-commercial species and/or undersized or damaged individuals of commercial species, as 
well as marine litter and natural debris. Fish, crustacean and cephalopod individuals of the com-
mercial fraction are identified and measured on board (total length, cephalothorax length and 
mantle length, respectively). For the target species, a subsample of a little over 30 individuals is 
preserved in coolers to transport to the laboratory. As for the discard fraction, either the total 
sample or a subsample – depending on the total size of the catch – is preserved in coolers and 
transported to the laboratory for further analysis. The process is repeated for each of the three 
hauls.
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Once in the laboratory, at the ICM-CSIC, the target species individuals were measured, sexed 
and weighed individually, their reproductive stage was assessed and their gonads weighed.

Debris definition and composition

The samples used to characterize and analyze the debris and its composition, were obtained 
from the discard fraction gathered during the bottom trawling sampling.

The term debris includes two different types of items. On one side, the non-organic materials 
caught during fishing operations, also known as marine litter and, on the other, organic materi-
als with terrestrial and marine origin such as shells, algae and plants. Debris have been classified 
following (REGULATION (EU) 2022/92) (Table 1).

For the analysis and plots of the debris, the categories analyzed were the 10 with the highest 
weight and representing over 2% of the total catch.

Table 2: Classification of natural debris and marine litter in the laboratory.

Category Subcategory Description

Metal Metal Items or pieces made with metal, i.e. cans, lids
Plastic Fishing gear Plastic fishing related items, i.e. nets, buoys, line

Plastic Items or pieces made with plastic, i.e. bags, containers
Sanitary waste Personal hygiene and health related items, i.e. face 

masks, gloves, tampons, blisters
Wet wipes Single use moistened pieces of non-woven fabric

Rubber Rubber Items or pieces made with rubber, i.e. ballons, boots, 
tyres

Textile Textiles Clothes and pieces of fabric
Wood Wood Items and pieces made with wood, i.e. corks, boxes or 

poles
Other waste Clinker Burned coal from steam ships

Glass Items or pieces made with glass, i.e. cups, jars
Unclassified waste All other marine litter which does not fit in the specific 

categories

 

Table 1. Classification of marine litter.

Purse seine fishing sampling

For the purse seine fishing, sampling was done through the acquisition of batches of Euro-
pean pilchard and European anchovy. A defined quantity of the catch was bought directly at 
the sampled port market, therefore, the fishing trips were not experimental but strictly planned 
by the vessel skippers according to their own interests.

Batches were purchased from 7 main commercial ports: L’Escala, Palamós, Blanes, Arenys de 
Mar, Barcelona, Vilanova i la Geltrú and Tarragona. No batches were acquired in the Ebre Delta 
zone since no significant catch of these species lands in ports south of Tarragona. 

One batch from the port of l’Escala and one from the port of Tarragona were purchased on 
a monthly basis and one or two additional batches from other ports. Data on the batch origin 
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(vessel, catch coordinates and total catch) were gathered at the fish market or from the fisher-
man who provided it.

Once in the laboratory, at the ICM-CSIC, all the individuals from a subsample of approximate-
ly 3 kg from each of the target species - when both were available - were measured to the near-
est 0.5 cm and classified by size categories to obtain size frequencies. Then, 30 individuals from 
each species, distributed by all size categories, were measured and weighed individually, their 
reproductive state was assessed and their gonads weighed. If discard species were present in 
the batches, they were identified and their individuals measured and weighted.

Small-scale fisheries sampling

Small-scale fisheries samplings include the sand eel fishery and the common octopus fishery.

Sand eel fishery sampling

For the sand eel fishery, sampling was carried out on board boat seine (“sonsera”) fishing ves-
sels where biological batches were obtained. As in the purse seine fishing sampling, the fishing 
trips were not experimental but strictly planned by the vessel skippers according to their own 
interests. During closure periods, one sampling per month was carried out to check the state of 
the population before the opening of the fishery.

Sampling for the Mediterranean and the smooth sand eel was carried out from the ports of 
l’Estartit, Sant Feliu de Guíxols, Palamós and Blanes, in the province of Girona, and from the port 
of Arenys de Mar, in the province of Barcelona. On the other hand, sampling for the transparent 
goby was carried out from the ports of Barcelona and Badalona.

Two monthly samplings were conducted where biological batches of 1 Kg of Mediterranean 
and smooth sand eel were obtained: one from the port of Arenys de Mar and the other from 
one of the ports in the province of Girona. Batches were preserved in coolers to transport to the 
laboratory. When transparent goby was available, two monthly batches of 1 Kg were obtained 
from the ports of Barcelona and Badalona (one from each location).

Once in the laboratory, at the ICM-CSIC, a random subsample of 100-200 individuals was 
classified by species (either Mediterranean or smooth sand eel), measured to the nearest 0.5 
cm, and classified by size categories to obtain size frequencies. Then, 50 individuals, distributed 
by all size categories, were measured and weighed individually, and, for the ones with a length 
above 6 cm, their reproductive state was assessed. If discard species were present, they were 
identified and their individuals measured and weighted. For the transparent goby, the same 
protocol was followed.
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Common octopus fishery sampling

For the common octopus fishery, sampling was carried out on board fishing vessels, using 
pots and traps as fishing gears, where biological batches were obtained. As in the purse seine 
fishing and the sand eel fishery sampling, the fishing trips were not experimental but strictly 
planned by the vessel skippers according to their own interests.

Sampling was carried out from five main ports, within the two zones that host a co-manage-
ment plan for the species:

• Central Catalonia: Vilanova i la Geltrú.
• Ebre Delta: l’Ametlla de Mar, Deltebre and La Ràpita. 

Six monthly samplings were conducted: four from the port of Vilanova i la Geltrú, two with 
pots and two with traps, and the other two alternating from the port of L’Ametlla de Mar, with 
traps, and the ports of Deltebre or La Ràpita, with pots. For every boarding, batches of up to 
30 individuals of common octopus - above minimum conservation reference weight (MCRW), 
established at 1000 g - were obtained and preserved in coolers to transport to the laboratory. 
If more than 30 individuals were caught, the extra individuals were measured (mantle length), 
weighted and sexed in situ. All individuals below MCRW were weighed and sexed in situ and 
released back to the sea.

Once in the laboratory, at the ICM-CSIC, all individuals were measured, weighed, sexed and 
their reproductive state was assessed.

Calculations and data analysis

For each target species, we represented the annual length frequency (weight frequency in 
the case of Cephalopoda) by sampling strata, as well as the monthly proportion of each matu-
ration stage and monthly average value of gonadosomatic index (GSI). The length/weight fre-
quency is only presented for the strata where each species is naturally present. GSI values in 
crustaceans are only presented for females, since males present stable GSI values throughout 
the year. A table with length-weight relationship parameters is provided for each species, using 
the relationship W = a*TLb, where W is weight (g) and TL is total length (cm). 

Although the present report is focused on the year 2021, data are in general presented for 
the years 2019, 2020, and 2021. This information is available in previous reports (ICATMAR 21-
03, 19-01) but is presented again here in a unified format for clarity and ease of reference.



Bottom trawling



State of fisheries in Catalonia 2021, Part 1

[30]



SECTION 1            Biological and fishery monitoring

[31]

A total of 118 bottom trawling sampling hauls were carried out in 2021: 14 in the shallow 
continental shelf, 34 in the continental shelf, 43 in the upper slope and 27 in the lower slope  
(Fig. 2). Exceptionally, no hauls were conducted in November due to weather inconvenience.

Bottom trawling fishery in Catalonia

Figure 2. Bottom trawling hauls conducted in Catalonia in 2021.
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We here present a general view of the catch composition of our sampling hauls in all Cata-
lonia in 2021. For detailed tables on the catch composition at the lowest possible classification 
level, see Annex 1. 

In 2020 and 2021 the commercial fraction of the catch was 66%, lower than in 2019 (Fig. 
3). As for the discard fraction, considering all depth ranges together, it ranges between 23 and 
27%.

The maximum number of species commercialized (without considering the discard) was 
found in 2019, with 164 different species (Fig. 4). At the level of Catalonia, the most important 
species were relatively constant over the years. It is worth noting the rise of Parapenaeus longi-
rostris which, from 2020, became one of the most important crustacean catches and in 2021 it 
overtook the Norway lobster and the blue and red shrimp.

Figure 3. Catch composition for Catalonia. Percentage by weight of landings, discarded and debris 
fraction in each year including all hauls in all depths sampled.

Figure 4. Species with most biomass landed including all hauls in each year.
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The most important species within the discard fraction was Scyliorhinus canicula (Fig. 5). Of 
particular note in 2020 and 2021 was the presence of the crinoid Leptometra phalangium, which 
accounted for more than 10% of the biomass discarded. The presence of P. heterocarpus was 
also notable in 2020 with 4% of the biomass discarded. The proportion of commercial species in 
bottom trawling was more than 70% in number of species.

As for debris, the overall results were similar for all years, although a high proportion of wet 
wipes in 2020 is noteworthy (Fig. 6). Much of the waste was natural, including terrestrial plants, 
marine plants, shells or other marine organic debris. Regarding anthropogenic waste, plastic 

Figure 6. Cathegories with higher biomass debris including all hauls in each year.

Figure 5. Species with most biomass discarded including all hauls in each year.
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was one of the most prevalent, along with lumber and coal, also known as clinker, the residual 
of burned coal from steamships that sailed the Mediterranean Sea in the 19th and 20th centuries.

The proportion of discard was similar for all years at all depth ranges (Fig. 7). Likewise, for all 
three years, the proportion of discard decreased with depth with the minimum found at the 
lower slope. It is worth noting that in 2020 the proportion of debris was slightly higher than in 
2019 and 2021, possibly because it was a year with a high frequency of storms, including “Glo-

Figure 7. Catch composition for Catalonia. Percentage by weight of landings, discarded 
and debris fraction in each season and each fishing ground including all hauls in all ports 
sampled.
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Figure 8. Species with most biomass landed. Percentage in weight including all hauls with-
in each year and depth strata.
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ria” which considerably increased the input of terrestrial waste into the sea via runoff water and 
gullies. 

On the shallow continental shelf the main species was the spottail mantis shrimp (Fig. 8). It 
is noteworthy the high diversity of fish species on this depth range, accounting for a significant 
proportion of the catch. 

The highest number of commercial species were caught on the continental shelf, Trachurus 
trachurus being the main species. However, it has to be considered that in the case of species 
with gregarious behavior, such as T. trachurus, biomasses might be overestimated when calcu-
lating them by extrapolating the weight by swept area.

On the upper slope, the main commercial species was Phycis blennoides. As for the target 
species, the Norway lobster showed a decrease in its catches shifting from 20% in 2019 to 13% 
in 2021. On the other hand, P. longirostris showed an increase, shifting from 7% in 2019 to 12% 
in 2021.

On the lowest depth range, the lower slope, the blue and red shrimp was, by far, the most 
important species in terms of biomass landed. It accounted for a range from 39 to 50% of the 
commercial catch, being 2021 the year with the lowest biomass landed for the species.

On the shallow continental shelf, the European pilchard and the European anchovy were the 
main discard fish species, especially in 2021 when the two species together accounted for 55% 
of the total discard (Fig. 9). In 2020, Sardinella aurita stood out, accounting for 21% of the total 
discard.

On the continental shelf, S. canicula represented 23% of the total discard in 2019, followed by 
B. boops which accounted for 15%. Most invertebrates, which were a large part of the diversity 
of species found in this depth range, are in the “Others” category, as the biomass represented 
by each species is low. In 2020 and 2021, as observed in the overall figure for Catalonia (Fig. 5), 
L. phalangium accounted for 19 and 18% of the total discard, respectively. On the other hand, 
in 2020 P. heterocarpus, as also observed in Figure. 5, stood out  for representing 6% of the total 
discard, given this species is not abundant in this depth range. The peak of biomass for this 
species is the result of a single day of fishing when a large amount of discard was caught, with P. 
heterocarpus alone accounting for a total of 583 Kg.

On the upper slope, the elasmobranch S. canicula was the main species, representing more 
than 50% of the total discard over the three years (51 - 62%), whereas on the lower slope, G. 
melastomus, together with S. canicula, also played an important role within the total discard.  

If results are analyzed by year and by depth strata, they are highly variable (Fig. 10). However, 
in broad terms, wet wipes were found to be very abundant in 2020, both on the continental 
shelf and on the lower slope, where they accounted for 17 and 24% (by wet weight), respec-
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tively, of the total debris. It is also worth noting that plastic and its derivatives were found every 
year in all depth strata.

Figure 9. Species with most biomass discarded. Percentage in weight including all hauls 
within each year and depth strata.
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Figure 10. Cathegories with higher mass debris. Percentage in weight including all hauls 
within each year and depth strata.
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Figure 11. Spatial distribution of fishing effort  (h/km2)

The spatial distribution of fishing effort (h/km2), catch (kg), and revenues per unit effort 
(€/h·km2) is presented in Figures 11, 12, and 13 for the years 2018 to 2021. Fishing effort is gen-
erally focused on submarine canyons in the North and Center zones, with more emphasis in the 
shallow continental slope in the Ebre Delta. Total catch is concentrated around the shallower 
waters of the Ebre Delta and along the Center zone, while the revenue per unit effort is higher 
in the northernmost parts of the studied area, with similar values near the shelf break of the 
Ebre Delta as well.

Figures 11, 12 and 13 show the spatial representation of fishing effort, total catches, and rev-
enues by fishing effort for the bottom trawling fleet in 2021.
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Figure 12. Spatial distribution of landings  (kg)

Figure 13. Spatial distribution of revenues per unit of effort (€/h·km2)
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Hake           
(Merluccius merluccius) 
HKE

The total hake catch in Catalonia in 
2021 was 646.32 t,  over 94% of which 
was caught by bottom trawling (ICAT-
MAR, 22-03). 

The spatio-temporal length-fre-
quency distribution of hake indicates 
that the species was more abundant 
in the continental shelf for all years, 
despite being also present in the shal-
low continental shelf, the upper slope 
and, with the lowest abundances, in 
the lower slope (Fig.15). In terms of 
catch size, a significant proportion of 
individuals, especially on both conti-
nental shelves, were caught below the 
minimum conservation reference size 
(MCRS) for the species, established at 
20 cm.

The catch was dominated by small-
sized individuals in both continental 
shelves for all years, corresponding 
to recruits of the species. However, 
in both upper and lower slopes, the 
catch was dominated by large-sized 
individuals, mostly caught above the 
MCRS. 

Bottom trawling by species

Figure 14. Spatial distribution of Hake landings.  

2021 a b R2 n
Combined 0.0060 3.0606 0.9835 2 137

Females 0.0063 3.0469 0.9822 998
Males 0.0062 3.0458 0.9754 956

Table 2. Hake length-weight relationship parameters in 2021.
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When comparing between years, maximum abundances of hake recruits (<10 cm) were 
found in the continental shelf (2021) and shallow continental shelf (2020), suggesting an ac-
ceptable recruitment for the species or, at least, better than 2019 when hake recruits were 
poorly caught. Interestingly, the highest abundances of hake in the upper slope were observed 
in 2019, with a mode located around 30 cm, whereas in 2020 and 2021 hake abundances de-
creased and the mode moved towards smaller sizes. 

Figure 15. Annual length-frequency distribution of Hake at different depth strata (SCS; Shallow Conti-
nental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from 2019 to 2021 in Catalo-
nia. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) total number of 
measured individuals.
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According to length-weight relationship parameters for both sexes combined (Table 2), hake 
displayed a positive allometric growth (b > 3). Likewise, when applying the growth curves sepa-
rately for males and females, both sexes exhibited positive allometric growth.

A total of 288 females and 415 males were biologically analyzed to study the gonadal cycle 
of hake for 2021 (Fig. 16). Males and females in advanced maturity and spawning stages (stages 
IV and V respectively) were present all year round in low proportion. The reproductive activity 
for females seemed to concentrate from late summer to late winter, when the highest number 
of spawners were detected, and from September to February in males. The proportion of indi-
viduals in resting stage (stage II) was high throughout the year, especially in females. Results of 
gonadosomatic index (GSI) showed higher values for females in winter and summer months, 
with two peaks in March and September respectively, whereas the lowest values were recorded 
during the spring months. Likewise, males displayed maximum GSI values from September to 
February and minimum values during spring months. It is worth noting that GSI values present 
high variability throughout the year for both sexes, especially in females.  

Figure 16. Hake monthly gonadal cycle for females and males. Gonadosomatic index (GSI +/-SD 
(Standard Deviation)) and percentage of different maturity stages.
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Norway lobster 
(Nephrops norvegicus) 
NEP

The total Norway lobster catch in 
Catalonia in 2021 was 112.44 t, practi-
cally all of which were caught by bot-
tom trawling (ICATMAR, 22-03). 

The spatio-temporal length-fre-
quency distribution of Norway lobster 
indicates that the species was more 
abundant (> 250 ind/km2) on the up-
per slope, reaching the maximum 
number of measured individuals in 
2019 (Fig.18). The following years, its 
abundance slightly decreased (below 
200 ind/km2 in 2021). Comparing 2020 
and 2021, the results were similar, al-
though it is worth noting that in 2020 
there were less samplings and data 
due to the COVID-19 pandemic. On 
the shallow continental and the con-
tinental shelves, the abundance was 
very low but most of the measured in-
dividuals were above the MCRS for the 
species, established at 20 mm.

Individuals on the upper and lower 
slopes showed a wider size distribu-
tion, ranging from 15 to 55 mm of 
cephalothorax length. On the upper 

2021 a b R2 n
Combined 0.0004 3.1447 0.96 2112

Females 0.0005 3.1362 0.91 783
Males 0.0004 3.1884 0.97 1329

Table 3. Norway lobster length-weight relationship parameters in 
2021.

Figure 17. Spatial distribution of Norway lobster landings. 
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slope a higher abundance of individuals with a cephalothorax length of approximately 30 mm 
was observed over the three years. In 2021 on the lower slope, there was a slight increase in size, 
with a higher abundance of individuals with a cephalothorax length of around 33 mm. How-
ever, especially on the upper slope, a small proportion of the individuals caught were under the 
MCRS.

Figure 18. Annual length-frequency distribution of Norway lobster at different depth strata (SCS; Shal-
low Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from 2019 to 2021 
in Catalonia. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) total 
number of measured individuals.
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According to length-weight relationship parameters for both sexes combined (Table 3), Nor-
way lobster displayed a positive allometric growth (b > 3). Likewise, when applying the growth 
curves separately for males and females, both sexes exhibited positive allometric growth. Out of 
the measured individuals, there was a higher proportion of males which are larger in size and 
weight than females.

A total of 728 females were biologically analyzed to study the gonadal cycle of the Norway 
lobster for 2021 (Fig. 19). Females in mature state (stages IV) were present from March to Oc-
tober, showing a peak in the months of June and July. The reproductive activity seemed to 
concentrate in the months of July and August when the highest number of spawners were de-
tected and high GSI values were found. The proportion of individuals in resting stage (stage II) 
was high in January and February and from October onwards. Results of gonadosomatic index 
(GSI) showed higher values from May to September, whereas the lowest values were recorded 
during the winter months. It is worth noting that GSI values presented high variability from July 
to October. 

Figure 19. Norway lobster monthly gonadal cycle for females. Gonadosomat-
ic index (GSI +/-SD (Standard Deviation)) and percentage of different matu-
rity stages.
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2021 a b R2 n
Combined 0.0035 2.4178 1 2361

Females 0.0035 2.4146 1 2163
Males 0.011 2.0576 0.8 197

Blue and red shrimp 
(Aristeus antennatus)       
ARA

The total catch of blue and red 
shrimp in Catalonia in 2021 was 352.18 
t, practically all of which were caught 
by bottom trawling (ICATMAR, 22-03). 

No blue and red shrimp individuals 
were measured neither on the shallow 
continental nor the continental shelf 
strata given that there was no catch as 
the species inhabits the slope at deep-
er depths (Fig. 21).

The spatio-temporal length-fre-
quency distribution of blue and red 
shrimp indicates that the species was 
more abundant on the lower slope, 
reaching its maximum in 2019. The 
following years its abundance slightly 
decreased, although it is worth noting 
that in 2020 there were less samplings 
and data due to the COVID-19 pan-
demic.

The length-frequency for all three 
years was similar for both the upper 
and lower slopes and, in general, it 
ranged between 16 and 63 mm of 
cephalothorax length. In 2021 on the 
lower slope, the mode slightly moved 
towards bigger sizes (29 mm).

Table 4. Blue and red shrimp length-weight 
relationship parameters in 2021.

Figure 20. Spatial distribution of Blue and red shrimp land-
ings. 
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Figure 21. Annual length-frequency distribution of Blue and red shrimp at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from 2019 to 
2021 in Catalonia. (n) total number of measured individuals.

Even though there is no MCRS established for the species, the catch showed a considerable 
proportion of individuals under the size at first maturity (28 mm, female cephalothorax length), 

According to length-weight relationship parameters for both sexes combined (Table 4), 
blue and red shrimp displayed a negative allometric growth (b < 3). Likewise, when applying 
the growth curves separately for males and females, both sexes exhibited negative allometric 
growth. In contrast with the Norway lobster, a higher proportion of females were measured 
which are larger in size and weight than males.
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A total of 2080 females were biologically analyzed to study the gonadal cycle of the blue and 
red shrimp for 2021 (Fig. 22). Females showed a highly seasonal reproductive cycle. Females in 
mature state (stages IV) were present from May to September, showing a peak in the month of 
July. The reproductive activity seemed to concentrate in the months of July and August when 
the highest GSI values were found. From January to April and from October onwards, all indi-
viduals were in resting stage (stage II).

Figure 22. Blue and red shrimp monthly gonadal cycle for females. Gonado-
somatic index (GSI +/-SD (Standard Deviation)) and percentage of different 
maturity stages.
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Horned octopus 
(Eledone cirrhosa)      
EOI

The total horned octopus catch in 
Catalonia in 2021 was 298.71 t, over 
97% of which were caught by bottom 
trawling (ICATMAR, 22-03). 

The spatio-temporal weight-fre-
quency distribution of horned octopus 
indicates that the species was more 
abundant on the continental shelf for 
all years, followed by the upper slope 
(Fig. 24). In contrast, this species was 
almost absent in the shallow continen-
tal shelf and the lower slope. The catch 
was dominated by individuals between 
100 and 200 g on the continental shelf, 
and between 200 and 300 g on the up-
per slope for all years. When comparing 
between years, higher abundances of 
horned octopus were found between 
2019 and 2020 in all depth strata, sug-
gesting a decreasing trend of abun-
dance.

According to length-weight rela-
tionship parameters for both sexes 
combined (Table 5), horned octopus 
displayed a negative allometric growth 
(b < 3). Likewise, when applying the 
growth curves separately for males and 
females, both sexes exhibited negative 
allometric growth.

Figure 23. Spatial distribution of Horned octopus landings.

2021 a b R2 n
Combined 0.6245 2.6694 0.9 576

Females 0.8727 2.5310 0.8 302
Males 0.5195 2.7436 0.8 262

Table 5. Horned octopus length-weight relationship 
parameters in 2021.
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Figure 24. Annual weight-frequency distribution of Horned octopus at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from 2019 to 
2021 in Catalonia. (n) total number of measured individuals.
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A total of 258 females and 231 males were biologically analyzed to study the gonadal cycle of 
the horned octopus for 2021(Fig. 25). The species showed a spawning period during spring and 
early summer, as the highest proportion of mature and spawner specimens was found between 
April and June. Males showed an earlier maturation, with advanced mature individuals occur-
ring in January. The lower proportion of spawner females may be caused by a faster senescence 
process after spawning than in males, which leads to an earlier death.

Figure 25. Horned octopus monthly gonadal cycle for females and males. Gonadosomatic index (GSI 
+/-SD (Standard Deviation)) and percentage of different maturity stages.
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Figure 26. Spatial distribution of Spottail mantis shrimp 
landings. 

Spottail mantis 
shrimp (Squilla mantis) 
MTS

The total spottail mantis shrimp 
catch in Catalonia in 2021 was 372.97 t, 
over 95% of which was caught by bot-
tom trawling (ICATMAR, 22-03). 

No spottail mantis shrimp individu-
als were measured neither on the upper 
nor the lower slope strata, given that 
there was no catch as the species inhab-
its shallower depths (Fig. 27).

The spatio-temporal length-frequen-
cy distribution of spottail mantis shrimp 
indicates that the species was more 
abundant on the shallow continental 
shelf for all years.

The length-frequency distribution 
was similar on both the shallow con-
tinental and the continental shelf for 
all years, ranging from 8 to 38 mm of 
cephalothorax length with predomi-
nance of individuals around 25 mm of 
cephalothorax length. It is worth noting 
that in 2021 on the shallow continental 
shelf there was a higher abundance of 
larger individuals. On the other hand, 
on the continental shelf a bimodal 
length-frequency distribution was ob-
served in 2020 and 2021, with peaks of 
abundance at 19 and 25 mm of cepha-
lothorax length.

2021 a b R2 n
Combined 0.0024 2.8753 0.9 818

Females 0.0024 2.8781 0.9 450
Males 0.0026 2.8567 0.9 367

Table 6. Spottail mantis shrimp length-weight relation-
ship parameters in 2021.
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Figure 27. Annual length-frequency distribution of Spottail mantis shrimp at different depth strata 
(SCS; Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from 
2019 to 2021 in Catalonia. (n) total number of measured individuals.
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According to length-weight relationship parameters for both sexes combined (Table 6), 
spottail mantis shrimp displayed a negative allometric growth (b < 3). Likewise, when applying 
the growth curves separately for males and females, both sexes exhibited negative allometric 
growth.

The length-weight relationship is similar for both sexes. However, females are slightly larger 
than males, especially during the breeding season due to the high development of their gonads 
during this period. For the samples analyzed in 2021, an almost equal sex ratio was obtained.

A total of 450 females were biologically analyzed to study the gonadal cycle of the spot-
tail mantis shrimp for 2021 (Fig. 28). Females’ reproductive cycle showed a marked seasonality, 
ranging from December to early spring. Most females were in maturing stage (stage III) during 
winter with a peak of abundance during the month of March. The remaining months females 
were in resting stage (stage II).

It is worth mentioning that there are no data for June and October because there was no 
sampling during these months. For the remaining months without data (January, April, July, Au-
gust, September and November), there was no catch even though samplings were conducted, 
probably due to individuals in mature and spawning stages (stages IV and V) were in shallower 
waters at late winter and early spring and our sampling design did not cover this bathymetry.

Figure 28. Spottail mantis shrimp monthly gonadal cycle for females. Gonadoso-
matic index (GSI +/-SD (Standard Deviation)) and percentage of different maturity 
stages.
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Caramote prawn 
(Penaeus kerathurus)

TGS
The total caramote prawn catch 

in Catalonia in 2021 was 71.35 t, only 
38% of which were caught by bottom 
trawling (ICATMAR, 22-03). This spe-
cies is mainly caught by small-scale 
fisheries. 

Caramote prawn individuals were 
only measured on the shallow conti-
nental shelf since there was no catch 
on the rest of depth ranges (Fig. 30).

The spatio-temporal length-
frequency distribution of caramote 
prawn indicates that the species’ size 
range extended from 19 to 56 mm of 
cephalothorax length, with a mode 
located at 30 mm of CL for all years. 
In 2021, the number of measured in-
dividuals was almost 50% of the ones 
measured in 2019, however, there was 
a higher presence of larger individuals.

According to length-weight rela-
tionship parameters for both sexes 
combined (Table 7), caramote prawn 
displayed a negative allometric 
growth (b < 3). Likewise, when apply-
ing the growth curves separately for 
males and females, both sexes exhib-
ited negative allometric growth.

2021 a b R2 n
Combined 0.0053 2.3809 1 177

Females 0.0032 2.4999 1 88
Males 0.0028 2.5652 0.9 61

Table 7 Caramote prawn length-weight relation-
ship parameters in 2021.

Figure 29. Spatial distribution of Caramote prawn.
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The total number of analyzed individuals (both sexes combined) was 177 in 2021. In order 
to obtain more adjusted results, more data on smaller individuals and from the months when 
there was no catch would be required. As other crustacean species, female caramote prawns 
reach larger sizes than males.

Figure 30. Annual length-frequency distribution of Caramote prawn at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from 2019 to 
2021 in Catalonia. (n) total number of measured individuals.
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This species shows a peak of females in mature stage (stage IV) in autumn. However, there 
was no catch in October and November although samplings were conducted. This lack of data 
was probably due to females swimming to shallower depths that are not covered by our sam-
pling design during this period. During winter females were in resting stage (stage II). The re-
productive period and gonadosomatic index graph is not presented for this species since the 
few data available do not cover its peak reproductive period.
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In this section, for each depth range (i.e. continental shelf, upper slope and lower slope), 
maps, catch composition, species with most biomass landed, species with most biomass dis-
carded and categories with higher mass debris of the ports where bottom trawling samplings 
were conducted during 2021 are shown.

From north to south, the ports are: Roses (Fig. 31 to 35), Palamós (Fig. 36 to 40), Blanes (Fig. 
41 to 45), Arenys de Mar (Fig. 46 to 50), Barcelona (Fig. 51 to 55), Vilanova i la Geltrú (Fig. 56 to 
60), Tarragona (Fig. 61 to 65), L’Ametlla de Mar (Fig. 66 to 70) and La Ràpita (Fig. 71 to 75).

Bottom trawling by port
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Figure 32. Roses catch composition. Percentage by weight of landings, discarded and debris fraction 
in each depth strata including all hauls in 2021.
Figure 33. Roses species with most biomass landed in 2021 (next page, top).

Roses

Figure 34. Roses species with most biomass discarded in 2021 (next page, center).

Figure 35. Roses cathegories with higher mass debris in 2021 (next page, bottom).

Figure 31. Roses sampling trawls in 2021.
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Figure 37. Palamós catch composition. Percentage by weight of landings, discarded and debris frac-
tion in each depth strata including all hauls in 2021.

Palamós

Figure 38. Palamós species with most biomass landed in 2021 (next page, top).

Figure 39. Palamós species with most biomass discarded in 2021 (next page, center).

Figure 40. Palamós cathegories with higher mass debris in 2021 (next page, bottom).

Figure 36. Palamós sampling trawls in 2021.
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Figure 42. Blanes catch composition. Percentage by weight of landings, discarded and debris fraction 
in each depth strata including all hauls in 2021.

Blanes

Figure 43. Blanes species with most biomass landed in 2021 (next page, top).

Figure 44. Blanes species with most biomass discarded in 2021 (next page, center).

Figure 45. Blanes cathegories with higher mass debris in 2021 (next page, bottom).

Figure 41. Blanes sampling trawls in 2021.
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Figure 47. Arenys de Mar catch composition. Percentage by weight of landings, discarded and debris 
fraction in each depth strata including all hauls in 2021.

Arenys de Mar

Figure 48. Arenys de Mar species with most biomass landed in 2021 (next page, top).

Figure 49. Arenys de Mar species with most biomass discarded in 2021 (next page, center).

Figure 50. Arenys de Mar cathegories with higher mass debris in 2021 (next page, bottom).

Figure 46. Arenys de Mar sampling trawls in 2021.
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Figure 52. Barcelona catch composition. Percentage by weight of landings, discarded and debris frac-
tion in each depth strata including all hauls in 2021.

Barcelona

Figure 53. Barcelona species with most biomass landed in 2021 (next page, top).

Figure 54. Barcelona species with most biomass discarded in 2021 (next page, center).

Figure 55. Barcelona cathegories with higher mass debris in 2021 (next page, bottom).

Figure 51. Barcelona sampling trawls in 2021.
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Figure 57. Vilanova i la Geltrú catch composition. Percentage by weight of landings, discarded and 
debris fraction in each depth strata including all hauls in 2021.

Vilanova i la Geltrú

Figure 58. Vilanova i la Geltrú species with most biomass landed in 2021 (next page, top).

Figure 59. Vilanova i la Geltrú species with most biomass discarded in 2021 (next page, center).

Figure 60. Vilanova i la Geltrú cathegories with higher mass debris in 2021 (next page, bottom).

Figure 56. Vilanova i la Geltrú sampling trawls in 2021.
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Figure 62. Tarragona catch composition. Percentage by weight of landings, discarded and debris frac-
tion in each depth strata including all hauls in 2021.

Tarragona

Figure 63. Tarragona species with most biomass landed in 2021 (next page, top).

Figure 64. Tarragona species with most biomass discarded in 2021 (next page, center).

Figure 65. Tarragona cathegories with higher mass debris in 2021 (next page, bottom).

Figure 61. Tarragona sampling trawls in 2021.
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Figure 67. L’Ametlla de Mar catch composition. Percentage by weight of landings, discarded and de-
bris fraction in each depth strata including all hauls in 2021.

L’Ametlla de Mar

Figure 68. L’Ametlla de Mar species with most biomass landed in 2021 (next page, top).

Figure 69. L’Ametlla de Mar species with most biomass discarded in 2021 (next page, center).

Figure 70. L’Ametlla de Mar cathegories with higher mass debris in 2021 (next page, bottom).

Figure 66. L’Ametlla de Mar sampling trawls in 2021.
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Figure 72. La Ràpita catch composition. Percentage by weight of landings, discarded and debris frac-
tion in each depth strata including all hauls in 2021.

La Ràpita

Figure 73. La Ràpita species with most biomass landed in 2021 (next page, top).

Figure 74. La Ràpita species with most biomass discarded in 2021 (next page, center).

Figure 75. La Ràpita cathegories with higher mass debris in 2021 (next page, bottom).

Figure 71. La Ràpita sampling trawls in 2021.
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A total of 76 purse seine samplings were carried out in 2021 (Fig. 76)

Figure 76. Purse seine fishing sampling conducted in Catalonia in 2021.
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Purse seine fishing by species
European sardine 

(Sardina pilchardus)                 
PIL

The total European sardine catch in Cata-
lonia in 2021 was 3 654.99 t, over 92% of it 
caught by purse seine fishing (ICATMAR, 22-
03).

The annual length-frequency distribution 
of European sardine shows a similar trend 
for all years (Fig. 78). The species size range 
extended from 7.5 to 18.5 cm with a mode 
located at 13.5 cm in 2019 and 13 cm in 2020 
and 2021. It is worth noting that in 2021 there 
was a larger proportion of caught individuals 
below the size at first maturity, established 
at 10.5 cm (Albo-Puigserver et al., 2021), and 
the MCRS, located at 11 cm, representing im-
mature and small-sized individuals that had 
not yet bred.

According to the length-weight relation-
ship parameters for both sexes combined, 
the European sardine displayed a positive 
allometric growth (b > 3) (Table 8). Likewise, 
growth curves applied separately by sex 
showed that both sexes grew positive allo-
metrically, exhibiting males higher b value 

2021 a b R2 n
Combined 0.0053 3.1437 1 1 423

Females 0.0057 3.1135 1 728
Males 0.0048 3.1763 0.9 622

Table 8 European sardine length-weight relationship 
parameters in 2021.

Figure 77. Spatial distribution of European sardine 
landings.
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Figure 78. Annual length-frequency distribution of European sardine at different depth strata from 
2019 to 2021 in Catalonia. Dashed red line indicates the MCRS (Minimum Conservation Reference 
Size). (n) is the number of measured individuals.

Figure 79. European sardine monthly gonadal cycle for females and males. Gonadosomatic index (GSI 
+/-SD (Standard Deviation)) and percentage of different maturity stages.

than females. 

A total of 735 females and 665 males were biologically analyzed to study the gonadal cycle of 
the European sardine for 2021 (Fig. 79). The reproductive period was observed from October to 
April when males and females in active maturity states (stages II – V) were present. However, the 
reproductive peak seemed to appear from November to February, with a maximum in Decem-
ber for both sexes, when the highest proportion of spawners (stage IV) were detected. These 
results are in agreement with the gonadosomatic index (GSI), increasing in October, reaching 
maximum values from December to February (> 4 in females and > 3 in males), and declining 
in March. The highest proportion of individuals in resting state (stage VI) was observed from 
May to September, coinciding with the period when GSI exhibited the minimum values for both 
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sexes.

Anchovy                                   
(Engraulis encrasicolus)         
ANE

The total anchovy catch in Catalonia in 
2021 was 5 559.54 t, over 94% of it caught by 
purse seine fishing (ICATMAR, 22-03)

The annual length-frequency distribution 
of anchovy shows a similar trend for 2019 
and 2021, whereas a different pattern can be 
observed in 2020 (Fig. 81). In 2019 and 2021, 
more than 60% of the catch was composed 
of individuals between 11 and 12.5 cm with 
a mode located at 12 cm. In contrast, in  2020 
the mode was located at 11 cm. It is worth 
noting that in 2020 there was a larger pro-
portion of caught individuals below the size 
at first maturity, located at 9.6 cm ((Albo-Pu-
igserver et al., 2021), and the MCRS, located 
at 9 cm, representing immature and small-
sized individuals that had not yet bred.

According to the length-weight relation-
ship parameters for both sexes combined, 
the European anchovy displayed a positive 
allometric growth (b > 3) (Table 9). Likewise, 
growth curves applied separately by sex 
showed that both sexes grew positive allo-
metrically, exhibiting males higher b value 
than females.  

2021 a b R2 n
Combined 0.0034 3.2474 1 1 490

Females 0.0035 3.2349 1 837
Males 0.0035 3.2424 1 582

Table 9 Anchovy length-weight relationship 
parameters in 2021.

Figure 80. Spatial distribution of Anchovy landings.
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Figure 81. Annual length-frequency distribution of Anchovy at different depth strata from 2019 to 
2021 in Catalonia. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) is 
the number of measured individuals.

Figure 82. Anchovy monthly gonadal cycle for females and males. Gonadosomatic index (GSI +/-SD 
(Standard Deviation)) and percentage of different maturity stages.

A total of 779 females and 528 males were biologically analyzed to study the gonadal cycle 
of the anchovy for 2021 (Fig. 82). The reproductive period was observed from April to Octo-
ber when males and females in active maturity states (stages II – V) were present. However, the 
reproductive peak seemed to concentrate from May to July for both sexes, when the highest 
proportion of spawners was detected. These results are in agreement with the gonadosomatic 
index (GSI) throughout the year, increasing in April, reaching maximum values in June (> 4 for 
both sexes), and decreasing progressively at the end of summer until October. The highest pro-
portion of individuals in resting state (stage VI) was observed from November to March, coincid-
ing with the period when GSI exhibited the minimum values for both sexes.



Small-scale fisheries



State of fisheries in Catalonia 2021, Part 1

[88]

Sand eel fishery

Sand eel fishery in Catalonia

In Catalonia, the main target species by the boat seines “sonsera” are Gymnammodytes cice-
relus (Rafinesque, 1810), Gymnammodytes semisquamatus (Jourdain, 1879), and Aphia minuta 
(Risso, 1810). The two species of the genus Gymnammodytes are coastal species found on the 
continental shelf on shallow waters, on sand, shells and fine gravel bottoms, inhabiting burrows 
dug on sandy substrates and living in large groups.

The sand eel fishery is regulated by quotas and fishing effort limitations (number of vessels 
and fishing days per vessel). Fishing has a regulated closure during the spawning season, from 
December 15th to March 1st. However, the transparent goby is only allowed to be fished during 
the closed fishing period for the sand eels.

The total sand eel catch in Catalonia in 2021 was 73.75 t, all of it caught by boat seines “son-
sera” within the co-management plan (ICATMAR, 22-03). During 2021 the opening and closure 
dates of the sand eel fishery slightly changed compared to previous years. It was opened on  
March 29th and closed on October 25th, but at that time, catches were providing less than 50% 

of species daily quota and, in accordance with article 6.6 of order ACC/155/2021, the fishery had 
to be closed. This implies that in October 2021 only one sampling was carried out, in Novem-

Figure 83. Sand eel samplings in 2021.
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Sand eel fishery by species

Mediterranean sand eel (Gymnammodytes cicerelus) ZGC

Figure 85. Annual length-frequency distribution of mediterranean sand eel (G. cicerelus) 2019 to 2021 
in Catalonia. 

ber none and in December one sampling was done (during closure periods, one sampling per 
month is carried out to check the trend of the population before opening the fishery). A total of 
27 samplings were carried out in 2021(Fig. 83). 

Figure 84. Sand eel fishery catch composition (left), species with most biomass discarded (right).

The 97% of catch were sand eel and 3% were discards composed by 25 different species (Fig. 
84 left). The species more abundant in biomass on discards of sand eel was Pagellus erythrinus 
(Fig. 84 right).
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The monthly distribution of the macroscopic classification of the maturity phases for G. cice-
relus (Fig. 86) revealed the maximum occurrence of mature females (Phase IV) from December 
to March. The presence of spawning females (Phase V) was observed in January. Mature males 
showed a similar pattern as females, but the maximum peak of individuals in Phase V was found 
in April. 

A total of 231 G. cicerelus (121 females and 110 males) were biologically analyzed to study 
their gonadal cycle during the sampling period (Fig. 86). The highest mean GSI, for both females 
and males, was found from December to March, with a peak of maximum activity in March. The 
months that are not represented in the graph were also sampled, but the individuals were small 
in size and their sex could not be determined.

The parameters of the length-weight relationship show a positive allelomeric growth for G. 
cicerelus (Table 10).

The annual distribution of G. cicerelus length-frquencies ranged from 4 to 14 cm (Fig. 85). 
Size frequencies varies between the three years sampled. In 2019, 15% of individuals were small 
(from 6 to 8 cm). In contrast, in 2020 most of individuals achive 9 cm. In 2021 bimodal distribu-
tion was observed with high percentage of individuals of 6 and 10 cm, although with high per-
centage of small individuals (Fig. 85).

2021 a b R2 n
Combined 0.0016 3.2229 1 977

Females 0.0025 3.0123 0.9 125
Males 0.0027 2.9635 0.9 111

Table 10. Mediterranean sand eel length-weight relationship 
parameters in 2021.

Figure 86. Mediterranean sand eel monthly gonadal cycle for females and males. Gonadosomatic in-
dex (GSI +/-SD (Standard Deviation)) and percentage of different maturity stages.
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Figure 88. Smooth sand eel monthly gonadal cycle for females and males. Gonadosomatic index (GSI 
+/-SD (Standard Deviation)) and percentage of different maturity stages.

Smooth sand eel (Gymnammodytes semisquamatus) ZGS

Regarding the size frequency distribution of G. semisquamatus throughout the sampling pe-
riod, the pattern is very similar to that of Gymnammodytes cicerelus. However, the number of 
specimens caught was much lower for G. semisquamatus (1 078) than for G. cicerelus (14 344).

The annual distribution of G. semisquamatus ranged from 3 to 13 cm (Fig. 87). Two modes 
can be found during 2019. Around 20% of the sampled individuals were 6 cm of total length, 
and the 10% were 11 cm long. In 2020, only one mode is recorded where 30% of the individuals 
sampled are 9 cm, while in 2021 the mode shifts to larger sizes, where 20% of the specimens are 
between 10 and 11 cm. 

Figure 87. Annual length-frequency distribution of mediterranean sand eel (G. semisquamatus) from 
2019 to 2021 in Catalonia.

2021 a b R2 n
Combined 0.0024 2.9637 1 186

Females 0.0055 2.6159 0.9 68
Males 0.0037 2.7935 0.9 50

Table 11. Smooth sand eel length-weight relationship 
parameters in 2021.
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Figure 90. Transparent goby monthly gonadal cycle for females and 
males. Gonadosomatic index (GSI +/-SD (Standard Deviation)) and 
percentage of different maturity stages.

The length-weight relationship of G. semisquamatus shows a positive allelomeric growth for 
2021 (Table 11).

A total of 116 G. semisquamatus individuals (67 females and 49males) were biologically ana-
lyzed to study their gonadal cycle for 2021 (Fig. 88).

Transparent goby (Aphia minuta) FIM

The annual distribution of Transparent goby ranged from 1.5 to 4.5 cm (Fig. 89). In 2019 most 
individuals were 4 cm of total length and in 2020 and 2021 3.5 cm long.

The monthly distribution of the macroscopic classification of the maturity phases for A. 
minuta (Fig. 90), revealed the maximum occurrence of maturing females (Phase III) in January 
and February. The months that are not represented in the graph were not sampled since the 
transparent goby is only allowed to be fished during the closed fishing period for the sand eel 
(December to March). Table 12 shows the size-weight relationship of A. minuta, where positive 
allelomeric growth can be observed in this species.

A total of 7 female A. minuta were biologically analyzed to study their gonadal cycle during 
the sampling period (Fig. 90).

2021 a b R2 n
Combined 0.0025 3.3503 1 150

Table 12. Transparent goby length-weight 
relationship parameters in 2021.

Figure 89. Annual length-frequency distribution of Transparent goby from 2019 to 2021 in Catalonia. 
(n) is the number of measured individuals.
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Common octopus (Octopus vulgaris) OCC

A total of 57 samplings were carried out for the common octopus fishery in 2021 within 
the co-managed areas of Central Catalonia and the Ebre Delta (Fig. 91). Individuals below 1 kg 
weight were measured on board but not sold in auction, as explained by current regulation 
ARP/222/2020.

Common octopus fishery

Figure 91. Common octopus sampling in 2021. Central Catalonia (left), Ebre delta (right).

The total common octopus catch in Catalonia in 2021 was 294.26 t, approximately 60% of 
which were caught by small-scale fisheries (the other 30% were caught by bottom trawling; 
ICATMAR, 22-03). 

The annual weight-frequency distribution of common octopus by fishing gear indicates that 
most of the individuals caught were below the MCRW, established at 1 000 g (Fig. 92). As for the 
comparison between gears, traps showed a concentrated distribution around the mode (800 g), 
which is below the MCRW, and pots caught higher abundance of smaller individuals. Temporal 
distribution shows that, from 2019 to 2021, abundance values have increased and grown closer 
to the MCRW, which also shows a decrease of the largest individuals in the landings. Also, the 
shape of the weight-frequency distribution for pots went from bimodal to unimodal, stressing 
the change in the composition of the landings.

A total of 626 females and 649 males were biologically analyzed to study the gonadal cy-
cle of the common octopus for 2021 (Fig. 93). Both sexes show a spawning period during late 
spring and summer, with the highest presence of mature and spawner specimens (stages IV 
and V respectively) from May to August (Fig. 93). However, sexual differences were observed. 
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Figure 92. Annual weight-frequency distribution of Common octopus with different fishing gears 
(pots and traps) from 2019 to 2021 in Catalonia. Dashed red line indicates the MCRW (Minimum Con-
servation Reference Weight). (n) total number of mesured individuals.

Figure 93. Common octopus monthly gonadal cycle for females and males. Gonadosomatic index (GSI 
+/-SD (Standard Deviation)) and percentage of different maturity stages.

The reproductive cycle of the females showed a marked seasonality, with the spawning period 
in late spring and summer. On the contrary, males showed a continuous reproductive cycle as 
advanced mature individuals occur all year-round. The lower presence of spawner females may 
be caused by a faster senescence process after spawning than in males which leads to an earlier 
death.
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Common octopus fishery in Central Catalonia

The annual weight-frequency distribution of common octopus in Central Catalonia showed 
similar values in terms of abundance between fishing gears, ranging from 20 g to 4 440 g (Fig. 
94). As for the comparison between gears, pots showed a concentrated distribution around the 
MCRW, whereas traps’ distribution was shifted towards higher weights. For both fishing gears, 
distributions showed the maximum abundance below the MCRW. 

Figure 94. Annual weight-frequency distribution of Common octopus from 2019 to 2021 in center 
Catalonia. Dashed red line indicates the MCRW (Minimum Conservation Reference Weight). (n) total 
number of mesured individuals.

A total of 433 females and 480 males were biologically analyzed to study the gonadal cycle of 
the common octopus in Central Catalonia for 2021 (Fig. 95). Both sexes show a spawning period 
during late spring and summer, with the highest presence of mature and spawner specimens 
(stages IV and V respectively) from May to August. However, sexual differences were observed: 
females’ reproductive cycle show a marked seasonality, with the spawning period in late spring 
and summer and, on the contrary, males showed a continuous reproductive cycle as advanced 
mature individuals occur all year-round. 
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Common octopus fishery in the Ebre Delta

The annual weight-frequency distribution of common octopus in the Ebre delta was carried 
out considering only pot catches (Fig. 96). Individuals were in general larger than in the central 
region, reaching 4 600 g, although the shape of the distribution is similar in both areas.

Figure 96. Annual weight-frequency distribution of Common octopus from 2019 to 2021 in 
Ebre Delta zone. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). 
(n) total number of mesured individuals.

Figure 95. Common octopus monthly gonadal cycle for females and males. Gonadosomatic index (GSI 
+/-SD (Standard Deviation)) and percentage of different maturity stages.
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Figure 97. Common octopus monthly gonadal cycle for females and males. Gonadosomatic index (GSI 
+/-SD (Standard Deviation)) and percentage of different maturity stages.

A total of 193 females and 169 males were biologically analyzed to study the gonadal cycle 
of the common octopus in the Ebre Delta for 2021 (Fig. 97). Both sexes showed a spawning 
period during late spring and summer as the highest presence of mature and spawner speci-
mens (stages IV and V respectively) was from May to August. However, sexual differences were 
observed. Females’ reproductive cycle showed a marked seasonality, with the spawning period 
in late spring and summer. On the contrary, males showed a continuous reproductive cycle as 
advanced mature individuals occur all year-round. The lower presence of spawner females may 
be caused by a faster senescence process after spawning than in males which leads to an earlier 
death.
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The main purpose of ICATMAR of advising the administrations in fisheries management 
needs a strong data structure that allows its dynamic input and exploitation. A summary of the 
workflow is provided in Fig. 98, from data collection to the final products. The main technologies 
used and conceptualization of ICATMAR information systems have been described in previous 
reports (ICATMAR 2020).  The present report only focuses on the latestupgrades implemented.

Figure 98. Workflow for ICATMAR data input, storage and exploitation. Different technologies and con-
cepts are specified including upgrades done in 2021.

Introduction
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One of the main data sources of ICATMAR is the field sampling done on board commercial 
fishing vessels (Section 1 of this report). In order to improve efficiency and quality in data input, 
a website was developed to allow field data introduction to ICATMAR databases. This system 
allows all samplers to introduce data autonomously, to implement automatic data checks to 
reduce errors in data stored in databases, and perform automatic calculations to help in their 
analysis. As the sampling is being modified and expanded to other fleets besides bottom trawl-
ing, the website and database structure need to be updated to incorporate sampling specifica-
tions and continuous improvements. 

In all samplings on-board and in the laboratory, data are collected in sampling forms and 
entered in the website in order to centralize information, improve quality, relate data concepts 
and perform the corresponding calculations. 

Purse seine on-board sampling

As the website and database were already allocating purse seine sampling from the fishing 
markets, only a few changes had to be performed in order to also support on-board sampling, 
which is currently in a testing phase. To extrapolate the samples measured on-board and in the 
laboratory, the following fields have been added per haul: total weight of the catch, total weight 
released alive, the number of boxes, and the weight of each box (Fig. 99). 

New features have been added to the website so that samplers can register different types of 
situations specific to purse seine on-board sampling, such as the release of the catch, triage of 
the catch, or the performance of more than one haul for the same fish school.

Figure 99.  Example of a purse seine on-board sampling where the catch has been released. As one 
box of this release is sampled, the corresponding biological data is collected and marked as released.

Data input
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Common octopus fishery

As part of the management plans of the common octopus of the Catalonian central coast 
and Ebre delta, some fields have been added to support the data collection for this sampling. In 
order to extrapolate the data collected during on-board sampling, some extra parameters have 
been added. 

Sampling GPS data

Geographic information is crucial for field sampling data. It is especially important for trawl-
ing hauls, as the swept area must be calculated in order to obtain sampled species abundance 
and biomass values. For this reason, special efforts were directed towards the development of 
a tool for GPS data input and validation in the input data website. As fishing operations vary 
between fishing fleets, the data check protocol and structure had to be adapted to each fishing 
gear: 

Bottom trawling fishery

During bottom trawling fishery sampling, all sampled hauls positions are registered in a GPS 
device. Point data is collected at a frequency of 1min. On-board positions are also collected 
every 15 min from the moment the fishing gear starts fishing until it is collected again.

Input data website users can upload a .gpx file by haul and then visualize its data together 
with positions collected manually on board (Fig. 100). GPS track will automatically be cut at 
the start and end trawling positions so only the positions corresponding to the fishing haul are 
registered. The total swept area by haul is obtained from combining the total trawled distance 
– considering all points – and the fishing gear mouth opening distance. All information is auto-
matically stored in the database. 

Purse seine and sand eel fishery

There are two main objectives under geolocating purse seine and sand eel samplings: locat-
ing the sampled species and understanding the spatial dynamics of the fleets. To do this, all 
sampling cruises are registered with a GPS device, from the moment of port departure until the 
vessel returns. All operations are registered at a frequency of 1 min, and fishing operations are 
marked with a waypoint. Website users upload a .gpx file including all cruise information. Fish-
ing positions can be compared with manually on-board registered positions, and cruise posi-
tions are cut from the moment of departure until the return to portand all information is stored 
in the database for further treatments (Fig. 101). 
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Figure 100. Example of bottom trawling sampling GPS data input through input data website. GPS 
points (blue), stored points in the database (yellow), trawled line and manually introduced positions 
(blue pointer) are shown. Users can check data stored in the database.in the database.

Figure 101. Example of purse seine sampling GPS data input through input data website. Raw GPS 
points (blue), stored GPS track points (yellow) and fishing positions (fish icon) are shown.
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Common octopus (Octopus vulgaris) fishery

Octopus vulgaris fishery uses pots and traps lines that are set on the sea bottom and col-
lected a few days after. On-board sampling involves  the collection of the fishing gear lines. Each 
haul positions are registered with a GPS device and initial and final positions are noted manu-
ally on board. Once the website users upload the .gpx file for each haul, points between start 
and end positions are stored in the database (Fig. 102). In addition, since a haul may consist of 
more than one line, points between lines are deleted, storing only positions where boat speed 
is between 1 and 9 km/h. 

Figure 102. Example of pots/traps sampling GPS data input through input data website. Raw GPS 
points (blue), stored GPS points (yellow) and manually introduced positions (blue pointer) are shown. 
Positions between fishing lines are not stored in the database following the speed filter applied.
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External data: keeping updated

As described in previous reports (ICATMAR 2020), an important part of the data stored in 
ICATMAR database corresponds to external data sources (Fig. 98). All these datasets must be 
kept updated, since most of ICATMAR data analysis and reports depend on them. The main 
information sources are Vessel Monitoring System (VMS) geolocation data, landings data, and 
fleet register datasets. 

• EU Fleet register information is downloaded from the official fleet register website. This is 
crucial information that will be linked with practically all datasets used in ICATMAR databases. 
It is necessary to update it as the number of active vessels may change or active vessels can 
vary their port base or fishing gears. 
• Landings data are periodically received from the Catalan Fisheries Secretariat. Data must be 
validated, cleaned, linked with fleet register data, and stored.
• VMS data are periodically received from the Spanish Fisheries Secretariat. Data must be 
validated in multiple ways, cleaned, interpolated, structured, linked with fleet register and lan-
dings datasets, and stored. 
• Geoblau is a new positioning system implemented by the Catalan Fisheries Secretariat. All 
fishing vessels (with no length limits, contrary to  VMS system) will mandatorily be equipped 
with Geoblau devices to track their position, speed and course at a high time frequency. At the 
moment, the system is in testing phase but first contacts with ICATMAR have been done in or-
der to exchange expertise in geographic tracking of fishing fleets and to help its development. 
Geoblau data storing systems is also being discussed as ICATMAR needs to be able to access 
Geoblau data easily to complement the fisheries spatial analyses that are already being done 
with other positioning systems.

Other projects

Since ICATMAR is located within the Department of Marine Resources of the Institute of Ma-
rine Sciences (ICM-CSIC), ICATMAR team has taken the opportunity to integrate datasets from 
different scientific projects regarding fisheries in its input website, thus rendering data access 
easier for the users in the Department. As a general way of dealing with different teams intro-
ducing data for different projects, the data introduction website has been adapted to support 
a system of privileges depending on the identity of the logged user. In this sense, each user can 
only view and edit the group of projects to which they are previously assigned.. 

Two of these projects which are especially useful for further analysis, 50SELS and 4550SELS, 
are focused on fishing gear selectivity. To evaluate the selectivity of mesh sizes of 45 and 50 mm 
of the bottom trawling fishery, different actions have occurred to integrate related data in ICAT-
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MAR’s information systems. The database and data input website have been adapted to collect 
data from cod-end cover fraction. The main changes implemented are related to data input, 
storage, validation and calculations. Minimum lengths for many species have been updated, 
as cod-end cover catch smaller individuals. Once these new functionalities were developed, all 
data from 50SELS project have been imported in the database, consisting of 42 hauls, almost 
300 positions and more than 25 000 measured individuals. Then, a group of biologists entered 
the data from 4550SELS project through the data input website, consisting of 83 hauls, more 
than 900 positions and 80 000 measured species.

Another external project that uses the ICATMAR data input website and database is the sam-
pling of the cuttlefish (Sepia officinalis) fishery. As part of the management plan of the cuttlefish in 
Pals and Roses bays, a new protocol was defined in order to allow data collection by the fisher-
men themselves. A reduced group (cuttlefish fishermen samplers), were collecting extended 
data, and others who were willing to participate (cuttlefish fishermen collaborators), were col-
lecting reduced data. All the changes to allocate this new sampling were performed in the data-
base and the website and the collected data on the sampling forms were entered.
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Updated database structure

The relational database has been created in PostgreSQL with PostGIS. The database has 
been designed as object-relational database, combining a relational database with an object-
oriented model, to simplify object-oriented programming. The model of the database has been 
designed grouping the related fields in tables regarding each data concept, relating them with 
its corresponding cardinality and seeking to reduce data redundancy (Fig. 103). The database 
has been updated from previous versions to allocate new samplings and changes on the previ-
ous ones. The main objectives on these updates are reusing fields, unifying formats and storing 
related data in a common structure to simplify  their combination, analysis and reusing the de-
veloped products. 

Data storage

Figure 103. Database model. Each piece of information is structured and related in the 
database.
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Database content

The fishing samplings started in October 2018. As of today, 941 fishing hauls have been sam-
pled, registering 2 800 positions, measuring 270 000 individuals and dissecting over 49 000 of 
them (Fig. 104). On bottom trawling sampling, the trawled distance is 2 500 km. 

Besides the project own data, external datasets are currently integrated in the database or 
could be integrated in the future on the same structure (Fig. 105). These datasets are directly 
related with the project and facilitate the overall analysis and evaluation.

Figure 104. Amount of records of the fishing sampling data stored in the database.
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Figure 105. Amount of records some external data in the database.
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Improvements in data analysis. VMS interpolation

As described in previous ICATMAR reports (ICATMAR 2020), VMS data are used to calculate 
the spatial distribution of fishing effort and landings for the Catalan fleet. Until recently, trawl-
ing fleet data was analyzed using methodologies described in literature (Lee et al., 2010),  while 
we used the methodology developed by ICATMAR (Sala-Coromina, 2020) for purse seine data. 
However, in the last few years improvements have been made in VMS analysis that had to be 
implemented in ICATMAR’s routine analysis, mainly VMS interpolation. 

VMS point frequency is set to a minimum of two hours between pings. Using this point fre-
quency could miss vessel operations such as steaming phases between different hauls, or un-
derestimate haul fishing times (Shepperson et al., 2018). In order to overcome these issues, a 
number of VMS interpolation methodologies have been developed with the objective of ar-
tificially reducing ping frequency and therefore calculating better estimates of spatial fishing 
footprints (Hintzen et al., 2010; Russo et al., 2011; Shepperson et al., 2018). 

We have adopted a Cubic Hermite Spline interpolation method developed by Russo et al. 
(2011), using vmsBase R package (Russo et al., 2014) to interpolate raw VMS points to a frequen-
cy of 10min. At present, interpolation methods have been implemented to the bottom trawling 
fleet (Fig. 106), since this methodology still needs to be validated for the purse seine fleet. 

Sampling biological calculations

In order to simplify the analysis, standardization and extrapolation of the collected data, 
some parameters are calculated automatically when the data is entered through the website. 
Some changes on the input data require a full recalculation of all parameters, therefore this 
recalculation is performed nightly not to slow down the user responsiveness of the website. 

The calculations take into account the proportion of each fraction of the catch that is brought 
to the laboratory for analysis In all cases, if the sample is not part of the discard or cod-end cover 
fractions, the proportion is always 1. 

Each measure of individual length taken in the laboratory corresponds to a particular haul, 
species and species size category. For each of these values, the following parameters are calcu-
lated:

CalculatedFrequency (ind): Extrapolated amount of individuals of the same length. The indi-
viduals are grouped every half cm depending on the species. 

Data processing
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Abundance (ind/km2): Extrapolated amount of individuals of the same length per km2 (only 
for bottom trawling sampling).

Figure 106. Comparison between raw and interpolated VMS data treatment. In figures A and B it can 
be compared the result of the interpolation (B) compared to raw VMS points (A) when calculating 
fishing tracks for a specific vessel. In figures C and D it is shown how spatial resolution improves when 
using interpolated data (D) instead of raw VMS points (C) once accounting for accumulated annual 
fishing effort by km2.

TotalCalculatedWeightParamsAB (g): Extrapolated total weight obtained from transforming 
the length of the measured individuals into its corresponding weight with the length-weight 
relationship of the species. 

 Biomass (kg/km2): Extrapolated biomass of the individuals of the same length per km2 (only 
for bottom trawling sampling). 

Each sample is a collection of data associated to a particular haul, species, and species size 
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TotalCalculatedWeightParamsAB (g): Extrapolated total weight obtained from transforming 

category. For each sample entered into the website, the following parameters are calculated:

CalculatedTotalAmount(ind): Extrapolated amount of individuals. 

Abundance (ind/km2): Extrapolated amount of individuals per km2 (only for bottom-trawling 
sampling).

TotalCalculatedWeight (g): Extrapolated total weight.

In case there is no total weight:

each individual measured the length of the measured individuals into its corresponding weight 
with the length-weight relationship of the sample species. Frequency is the amount of individu-
als with the same measure because depending on the species the individuals are grouped each 
half cm. 

Biomass (kg/km2): Extrapolated biomass of the sample (only for trawling sampling). 

In case there is no TotalCalculatedWeight:

At the present moment, the dissemination channels of ICATMAR data analysis products are 
mainly technical reports. Due to the fact that most of the geographic products have to be gen-
erated annually, their production has been automated using QGIS and R directly connected to 
our database (Fig. 98). 
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ICATMAR web architecture has been designed with the aim of improving the scientific 
knowledge transfer to different agents and having a dynamic way of accessing and visualiz-
ing analyzed data (Fig. 107). A new ICATMAR website will be developed to provide information 
about the institution, related services, team, publishing reports and related news. To simplify 
data sharing and visualization the website will host two data viewers: one of them oriented to 
the general public, and the other focused on the needs of the scientific community. 

General viewer

The general viewer will provide access to ICATMAR sampling data in a dynamic way for the 
general public without user login. It is currently in a prototype phase and is being developed to 
fulfill all  possible related requirements for bottom trawling fisheries. The prototype has been 
developed in collaboration with Xarxa Maritima de Catalunya.

As the sampling is spread along the Catalan coast, dynamic pie charts have been developed 
to visualize the biomass of species (kg/km2) on the different sampled areas and ports (Fig. 108). 
By selecting a specific port, the related catch composition (landed, discarded and debris) is dis-
played, with the proportion of species and debris for each fraction. In addition, a comparison 
between two different ports or areas can be viewed. Besides this spatial visualization, the same 
type of information and comparisons can be viewed with the data grouped temporally by sea-
son of the year. 

Having information about the trends in length structure of the species is important for evalu-
ating the status of the species. Therefore, length frequency is visualized dynamically for all sam-
pled species in number of individuals per km2 (Fig. 109). The length frequency can also be com-
pared between species. 

Figure 107. Structure of ICATMAR dynamic visualization systems.

Data visualization
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A Web API (Application Programming Interface) has been developed in NodeJS to get all pro-
cessed and validated data from the database and serve it to the web general viewer. 

Scientific viewer

For further data sharing and management, a scientific viewer is being designed and will be 
accessible through ICATMAR website as well. 

Figure 108. Sampling catch composition between areas and ports (left) and la Ràpita port (right) of 
ICATMAR’s general viewer.

Figure 109. Species size frequency representation for Aristeus antennatus of ICATMAR’s general viewer.
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The main objective of this viewer is to give access to all available ICATMAR datasets, either 
geographic or not, to a variety of users. The system allows the publication of layers stored in 
ICATMAR databases or static datasets (Fig. 110). Each layer contains its metadata, specific styles 
and attributes. Users can view data, change between available styles, make maps combining 
layers (Fig. 111) and download drawn maps and specific layers. 

Technologies used will be Geoserver and Geonode, a Django-based website that allows users 
management. Therefore, users access to published data can be controlled together with their 
permissions to interact with layers. Moreover, through Geoserver a Web Map Service (WMS) sys-

tem can be designed and therefore data use can be maximized through different platforms. 

Figure 110.  Layer exploring page of ICATMAR’s scientific viewer. All available layers can be explored 
individually to get information about data source, authors and other metadata. Layers can also be 
individually downloaded in different formats.
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Figure 111. Map exploring page of ICATMAR’s scientific viewer. Available layers can be combined so 
different datasets can be compared. In this example, the fishing effort of the Catalan bottom trawling 
fleet is combined with the SAP trawling sampling hauls.
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In 2019, a European regulation established a multi-annual plan (MAP) for the demersal fish-
ery in the north-western Mediterranean (EU) No 508/2014). To achieve the goal of maximum 
sustainable yield by 2025 at the latest, the regulation proposes several measures, i.e. defining a 
maximum number of fishing days per year (Art.7), creating measures on gear selectivity (Art.13), 
determining minimum reference sizes (Art.13) and establishing temporary and spatial closures 
(Art.11). Trawling in the Mediterranean is multi-specific, with more than 150 species (Osio et 
al., 2015). However, only five species are subject to management measures and are periodically 
evaluated at the Geographical Sub-Area (GSA) level (GSA06, in the case of NW Mediterranean) 
by official bodies, such as the Scientific, Technical and Economic Committee for Fisheries (STECF) 
and the General Fisheries Commission for the Mediterranean (GFCM). These species are hake 
(Merluccius merluccius), red mullet (Mullus barbatus), blue and red shrimp (Aristeus antennatus), 
Norway lobster (Nephrops norvegicus) and deep-water rose shrimp (Parapenaeus longirostris).

The Catalan coast, representing, approximately, the northern half of the GSA06, has been 
defined as the study area. It is characterized by having distinguished bathymetric ranges: 
coastal shelf (25–100 m), deep shelf (101–200 m), upper slope (201–500 m) and lower slope 
(501–800 m), (e.g. Massutí & Reñones, 2005). There are 23 fishing ports throughout Catalonia, 
14 of them having bottom otter trawl (OTB) fleet. Within the Catalan demersal fleet, trawlers 
represent 75% of both catches and income, 38% of the vessels and 82% of the GT (gross ton-
nage) (source: Generalitat de Catalunya, 2020).

The European Common Fisheries Policy recognizes the importance of accounting for het-
erogeneity in fishing practices promoting a métier-based sampling as the core of the EU Data 
Collection Framework. A métier is defined as a group of fishing operations that aim for a 
similar group of species using similar fishing gear during the same period and / or in the same 
area and with a similar pattern of exploitation (DCF, Regulation (EC) No 949/2008 and Commis-
sion Decision 2010/93 / EU). Given this definition, considering the characteristics of the NW 
Mediterranean fishery, and the current legislative framework, two main objectives have been 
defined for the present work:

• Define a protocol to identify métiers along with their temporal and geographical evolution;
• Characterize the bottom otter trawl (OTB) fleet by métier considering four facts: main target 
species, by-catch harvested community, temporal persistence, and spatial deployment.

Introduction
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To identify métiers by port for the Catalan bottom trawling fleet (OTB), the same method-
ology was used as described in ICATMAR, 2021-02. Landings and revenues from 2002 to 2021 
were used, accounting for approximately 15 million records. At each port (a total of 14 with OTB 
fleet), dendrograms and cluster analysis were performed, and then for each trip (vessel + day), 
the corresponding métier was assigned. Given the properties of the métiers, all ports of the Cat-
alan coast were grouped by zones to facilitate the interpretation of the data globally. For more 
detail, Table 13 defines the different métier codes and names for the different ports grouped 
by zone, i.e. north, center and south. Then, all new data was added to the initial database and a 
Principal Component Analysis (PCA) was performed to check the spatial distribution.

Data analysis shows that the horizontal axis of the PCA (Fig. 112) indicates that 45% of the 
variability is caused by the species composition of the catch. This fact determines a difference 
between the species composition of the shelf métiers (OTB1, OT- B1A, OTB1B, OTB2, OTB2A, 
OTB2B), as shown in the right side of the figure, and the slope métiers (OTB3, OTB4), seen on 
the left side of the figure. The vertical axis from Figure 112 describes the 17% of the variability, 
indicating that the difference between the shelf métiers, that is coastal shelf métiers (OTB1, OT-
B1A, OTB1B) and deeper shelf métiers (OTB2, OTB2A, OTB2B), are smaller. Similarly, there is less 
variability between the upper slope métiers (OTB3) and the lower slope métiers (OTB4). Figure 
112 also shows that the ports from the north and the center of the Catalan coast present two 
shelf métiers (OTB1- OTB2) and two slope métiers (OTB3-OTB4). The south zone has a different 
dynamic because all the ports present four shelf métiers, two from costal shelf (OTB1A, OTB1B) 
and two from deeper shelf (OTB2A, OTB2B); except L’Ametlla de Mar port, which also presents 
the lower slope métier (OTB4).

A different PCA was plotted to understand the species that drive the different métiers (Fig.  
113). The horizontal axis of the PCA explains the largest part of the variability within the catch 
composition. In the coastal shelf métiers of the southern Catalan coast (OTB1A, OTB1B) the most 
important species was the spottail mantis shrimp. In the coastal shelf métier (OTB1) of the center 

Métiers identification by port

Table 13. Métier codes and names for each zone.



SECTION 3             Fishing métiers in Catalonia

[123]

zone, the most prominent species were the sea-bream (Pagellus erythrinus) and the red mullet, 
and for the north coast, the mackerel (Trachurus spp.) and the octopus genus Eledone spp. Some 
of the most landed species from the deeper shelf métiers (OTB2, OTB2A, OTB2B) were shared 
in all zones of the Catalan coast; for example the mackerel, Eledone spp, the cephalopod family 
Ommastrephidae, and the hake. In the upper slope métier (OTB3) of both the north and center 

Figure 112. PCA shows the trips grouped by month for all the ports of the Catalan coast 

with trawling fleet differentiated by métier and zone (color and symbol) for the period 

2017-2021.

Figure 113. PCA represents the trips grouped by month for all the ports of the Catalan 
coast with trawling fleet differentiated by métier and zone (color and symbol) for the pe-
riod 2017- 2021. The species that contribute to the 75% of the landings for this period are 
also shown; each arrow indicates the métier and zone in which they are more important in 
terms of landings.
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zone, the Norway lobster and the blue whiting (Micromesistius poutassou) are the most relevant. 
Finally, blue and red shrimp was the only species shown for the lower slope métier (OTB4), high-
lighting its importance.

After verifying the normality of the residuals (Fig. 114), a statistical test was performed (Table 
14). The results showed that there were significant differences (p-value < 0.001) among métiers 
and among years, but not among the interaction métiers and years, indicating a métier consis-
tency during the time series. The statistical analyses were also performed by port (Annex 2).

Figure 114. Residuals distribution and adjusted data using a negative binomial model for 
bottom trawler métiers.

Table 14. ANOVA test results indicating significant differences (*) for 
bottom trawler métiers. Residuals (Res. Df ), degrees of freedom (DF. 
Diff ), deviation (Dev) and p-value are reported.
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Species composition 

For the north zone (Fig. 115) the species landed the most on the coastal shelf were the mul-
lets, which increased the percentage of landings over the years, and mackerel. On the deeper 
shelf, Eledone spp added up to 25% of the landings, despite that the hake was the most import-
ant species. For the upper slope métier the species most landed was the blue whiting, followed 
by the Norway lobster. Finally, in the lower slope, the blue and red shrimp dominated the land-
ings, with over 50%.

For the center zone (Fig. 116) and in the coastal shelf métier, the red mullet was the species 
most landed increasing the percentage throughout the years. In the deeper shelf, Eledone spp 
decreased the percentage of landings during the last years. On the contrary, landings of monk-
fish (Lophius spp.), hake and Ommastrephidae, slightly increased. In the first years on the upper 
slope métier, the blue whiting and the hake were responsible for the 50% of the landings; in the 
last years, the percentages of Norway lobster and Phycis spp. have increased. In the lower slope, 
the blue and red shrimp was the most important species and increased the percentage of land-
ings throughout the years.

In the south of the Catalan coast all métiers were from the continental shelf (Fig. 117). In the 
coastal shelf métier A, the most important species were the spottail mantis shrimp and the red 
mullet, which have increased the percentage of landings during the last years. In the coastal 
shelf B, the spottail mantis shrimp was responsible for more than 25% of the landings. In the 

Figure 115. Most important species in terms of landings percentage for the four métiers of the 
north zone of the Catalan coast during the period (2002-2021).

Temporal persistence by zone and métier
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deeper shelf métier A, hake and the spottail mantis shrimp were the most landed species ac-
counting for the 25% of the landings, separately. In the deeper shelf B, the most relevant species 
were mackerel, which landings decreased throughout the years, and hake together with Om-
mastrephidae, both with increasing landings over time. 

The species composition and landings (kg) by port and by métier for the time series 2002 to 
2020 are reported in Annex 3.

Figure 116. Most important species in terms of landings percentage for the four métiers of the 
central zone of the Catalan coast during the period (2002-2021).

Figure 117. Most important species in terms of landings percentage for the four métiers of the 
south zone of the Catalan coast during the period (2002-2021).
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Vessel Length composition

Figure 118 represents the total number of trips made by fishing vessels grouped in different 
Vessel Length (VL) categories in each métier for the north zone. In the coastal shelf métier, at the 
beginning of the time series, vessels from 18 to 24 meters represented around 50% of the trips. 
In recent years, though, the fleet was more variable with both bigger (VL 24-40 m) and smaller 
(VL 12-18 m) vessels present. For the deeper shelf métier, the number of trips with vessels from 
18 to 24 m VL decreased but vessels from 12 to18 m VL increased. This amount of trips with big-
ger vessels (VL 24-40 m) was constant until the last two years. Then, the trips with bigger vessels 
decreased as opposed to small vessels (VL 6 to 12 m), which increased. For the upper slope mé-
tier, vessels from 18-24 m and 24-40 m VL were more abundant and those from 12-18 m VL were 
still present but as a minority. Finally, the lower slope métier was characterized by having bigger 
vessels. The ones with a VL from 24 to 40 m represented about 50%.

Figure 119 represents amount of trips made by fishing vessels grouped in different VL cat-
egories in each métier for the center zone. For the coastal shelf métier, at the beginning of the 
time series, there was a little of each VL group. However, in recent years, the trips from vessels 
ranging from 12 to 18 m VL increased. In the deeper shelf métier there was a clear dominance 
of 12-18 m long vessels throughout the time series, followed by smaller vessels (VL 6 to 12 m) 
and with just a few of the largest ones. For the upper slope métier, the amount of trips from the 
different vessels’ groups remained constant but in the last five years, the number of trips with 
vessels from 12 to 18 m VL increased. Finally, the lower slope métier was characterized by a great 
amount of trips with boats from 24 to 40 m VL followed by those from 18 to 24 m.

Figure 118. Vessel length (in meters) composition by métier for time series (2002-2021) for the OTB 
fleet in the North zone.
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Figure 120 represents amount of trips made by fishing vessels grouped in different VL cat-
egories in each métier for the south zone. For the coastal shelf métier A, trips with boats from 
12 to 18 m VL were dominant, also being abundant those from 18 to 24 m. On the coastal shelf 
métier B, early in the time series, 12-18 m vessels were dominant and those from 18 to 24 m 
increased. The case of the deeper shelf A métier is similar to the previous one, with a small in-
crease in boats from 24 t o40 m VL. Finally, in the deeper shelf B métier, 12-18 m vessels were 
very scarce whereas those from 18 to 24 m VL were the most abundant and 24-40 m vessels 
considerably increased.

Number of vessels

Changes in the mean number of vessels fishing in each métier and their standard deviation 
for the time series (2002-2021) are shown in Figure 121. In general, all métiers present a decrease 
in number of vessels. This fact aligns with the reduction in the Catalan trawler fleet in the last 
20 years, where the total number of vessels decreased by 42% since 2000 (ICATMAR, 2022-03). 

Among the four OTBs, the fleet of blue and red shrimp (OTB4) in the central zone had a greater 
interannual stability. The number of vessels for the coastal métier (OTB1A) in the south zone 
decreased less than in the other cases.

Figure 119. Vessel length (in meters) composition by métier for time series (2002-2021) for the OTB 
fleet in the Center zone.
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Changes in Landing Per Unit Effort (LPUE)
Changes in Landing Per Unit Effort (LPUE) in each métier and their standard deviation for the 

time series (2002-2021) are shown in Figure 122. Continental shelf métiers (OTB1, OTB2, OTB1A, 
OTB1B, OTB2A and OTB2B) had a higher LPUE than upper and lower slope métiers (OTB3 and 
OTB4). There was no clear intrannual trend with fluctuations throughout the time series. 

Figure 120. Vessel length (in meters) composition by métier for time series (2002-2021) for the OTB 
fleet in the South zone.
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Figure 121. Mean number and standard deviation of different vessels fishing on each métier and by 
zone for the time series (2002 – 2021).
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Figure 122. Changes in Landing Per Unit Effort (LPUE) in each métier and their standard deviation by 
zone for the time series (2002-2021).
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Figure 123. Spatial distribution of otter trawl fishery VMS, colours represents the different OTBs me-
tiers identified for the catalan fishery.

VMS data was used to spatially differentiate the fishing ground of each métier at the port 
level (Fig. 123, Fig. 124, Fig. 125, Fig. 126 and Fig. 127). Trips (day + vessel) by métier for the years 
2019 and 2020 were crossed with VMS data to represent the métiers distribution across the Cat-
alan coast.

Spatial differentiation using VMS data
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Figure 124. Spatial distribution of coastal shelf metiers trawl otter fishery VMS. Colours represent the 
different coastal shelf identified: OTB1; noth and center coast, OTB1A; south A and OTB1B; south B.
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Figure 125. Spatial distribution of deeper shelf metiers trawl otter fishery VMS. Colours represents the 
different metiers identified: OTB2; north and central coast, OTB2A; south A and OTB2B; south B.
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Figure 126. Spatial distribution of upper slope (north and central coast) metiers (OTB3) trawl otter 
fishery VMS. 
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Figure 127. Spatial distribution of lower slope (north and central coast) metiers (OTB4) trawl otter fis-
hery VMS. 
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After the characterization of the Catalan fishing fleet for the bottom-trawl fishery case study, 
six different métiers were identified. Moreover, no slope métiers were found in the south of Cata-
lonia. Most of métiers changed along the time series. Similarly, the importance of the spatial dis-
tribution among métiers changed inter and intra zones. The contribution of the mullets. in OTB1 
and the Norway lobster in OTB 3 increased. However, the hake in OTB 2 decreased, and the blue 
and red shrimp in OTB4 remained constant along the time series. Our findings provided addi-
tional support to implement Article 11 related to spatial closures and Article 7 related to fishing 
effort.

The next steps will be to calculate the contribution of each métier for each port, to explore 
how it changes along the coast and also intra-year (by month), and, finally, to conduct a Produc-
tivity and Susceptibility Analysis (PSA) to identify vulnerability among zones. Importantly, this 
study should be useful to provide management recommendations at a spatial level for each 
métier. 

Main results and next steps
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trawling 
in 2019, 2020 and 2021
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mean SE mean SE mean SE mean SE
Actinopterygii
Alosa fallax 1.01 0.98 3.33 2.27
Boops boops 1.63 1.15 2.47 1.87
Citharus linguatula 8.40 2.11 3.97 0.72 0.01 0.01
Conger conger 0.17 0.10 0.65 0.27 2.60 0.84 2.35 0.76
Eutrigla gurnardus 0.65 0.28 4.01 1.19 0.02 0.02
Helicolenus dactylopterus 2.70 1.31 7.10 1.91 3.17 0.90
Lepidorhombus boscii 4.53 1.52 7.16 1.40 0.69 0.20
Lithognathus mormyrus 7.74 7.52
Lophius budegassa 7.69 2.59 52.11 8.18 11.13 3.59 1.67 0.72
Lophius piscatorius 0.54 0.36 2.86 1.58 12.84 3.70 5.64 2.73
Merluccius merluccius 21.40 6.46 45.18 5.93 30.24 5.26 8.92 3.18
Micromesistius poutassou 1.44 0.98 23.87 7.04 9.28 4.02
Mullus barbatus 16.44 4.94 39.32 6.07 0.49 0.18 0.02 0.02
Mullus surmuletus 2.40 1.45 5.55 1.92 0.61 0.40 0.53 0.52
Pagellus acarne 7.03 4.20 0.06 0.04
Pagellus erythrinus 26.33 11.26 1.45 0.49 0.11 0.10
Phycis blennoides 0.03 0.03 7.09 1.78 76.06 22.20 28.75 8.39
Scomber colias 9.19 3.64 2.32 1.49 0.04 0.03
Scomber scombrus 4.58 1.30 1.36 0.62
Scorpaena elongata 0.01 0.01 3.13 1.45 1.60 0.65 1.40 0.71
Sparus aurata 6.89 4.31
Sphyraena sphyraena 24.36 11.13
Trachurus mediterraneus 27.80 11.22 13.53 9.17
Trachurus picturatus 16.07 11.16
Trachurus trachurus 8.56 5.22 109.59 33.05 4.12 3.61 0.06 0.06
Trigla lyra 2.04 0.73 3.50 0.96 0.97 0.88
Trisopterus capelanus 9.33 3.66 27.82 4.86 0.11 0.05 0.08 0.05
Chondrichtys 
Galeus melastomus 2.09 1.34 7.88 2.86
Scyliorhinus canicula 0.12 0.12 14.85 11.34 12.89 6.29 2.69 1.51
Crustacea
Aristeus antennatus 0.25 0.14 81.05 9.42
Liocarcinus depurator 3.69 1.53 4.45 2.25 0.25 0.13 0.00 0.00
Nephrops norvegicus 0.46 0.44 0.38 0.24 63.96 11.32 2.45 0.78
Parapenaeus longirostris 2.84 1.00 6.70 1.97 21.17 6.05 1.06 0.46
Squilla mantis 21.67 4.37 1.64 0.47
Cephalopoda
Alloteuthis spp. 4.03 0.79 2.73 1.01
Eledone cirrhosa 7.22 2.94 21.43 2.96 18.21 4.90 1.13 0.71
Illex coindetii 8.68 3.32 23.51 3.04 1.46 0.28 0.42 0.20
Octopus vulgaris 2.85 1.73 6.35 1.98 0.11 0.11 0.40 0.39
Todarodes sagittatus 0.06 0.06 5.22 1.19 1.04 0.37
Other invertebrates 
Parastichopus regalis 4.55 2.28 0.12 0.09 0.04 0.04

Shallow  
continental shelf Continental shelf Upper slope Lower slope

Table 15. Landed species with higher biomass for 2019. SE: standard error.



ANNEXES   

[147]

Table 16. Landed species with higher abundance for 2019. SE: standard error.
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Table 17. Discarded species with higher biomass for 2019. SE: standard error.
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Table 18. Items from the debris fraction with higher mass for 2019. SE: standard error.
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Table 19. Landed species with higher biomass for 2020. SE: standard error.
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Table 20. Landed species with higher abundance for 2020. SE: standard error.
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Table 21. Discarded species with higher biomass for 2020. SE: standard error.
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Table 22. Items from the debris fraction with higher mass for 2020. SE: standard error.
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Table 23. Landed species with higher biomass for 2021. SE: standard error.
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Table 24. Landed species with higher abundance for 2021. SE: standard error.
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Table 25. Discarded species with higher biomass for 2021. SE: standard error.
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Table 26. Items from the debris fraction with higher mass for 2021. SE: standard error.
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Annex 2
Statistical analysis results for bottom 

trawling métiers by port
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Figure 128.  Residual distribution and adjusted data using a negative binomial 
model for bottom trawling métiers. Top: Llancà; center: Port de la Selva; bottom: 
Palamós.
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Figure 129.  Residual distribution and adjusted data using a negative binomial 
model for bottom trawling métiers. Top: Roses; center: Blanes; bottom: Arenys de 
Mar.
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Figure 130.  Residual distribution and adjusted data using a negative binomial 
model for bottom trawling métiers. Top: Barcelona; center: Vilanova i la Geltrú; bot-
tom: Tarragona.
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Figure 131.  Residual distribution and adjusted data using a negative binomial 
model for bottom trawling métiers. Top: Cambrils; center: L’Ametlla de Mar; bot-
tom: L’Ampolla.
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Figure 132.  Residual distribution and adjusted data using a negative binomial 
model for bottom trawling métiers. Top: La Ràpita; bottom: Les Cases d’Alcanar.
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Table 27. Statistical analysis results for bottom trawler métiers by port 
(Part I). Res.Df: residuals; Df.diff: degrees of freedom; Dev: standard 
deviation.
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Table 28. Statistical analysis results for bottom trawler métiers by port 
(Part II). Res.Df: residuals; Df.diff: degrees of freedom; Dev: standard 
deviation.
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Table 29. Species composition and landings (in kg) by métier for Llançà
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Table 30. Species composition and landings (in kg) by métier for Port de la Selva.
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Table 31. Species composition and landings (in kg) by métier for Roses.
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Table 32. Species composition and landings (in kg) by métier for Palamós.
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Table 33. Species composition and landings (in kg) by métier for Blanes.
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Table 34. Species composition and landings (in kg) by métier for Arenys de Mar.
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Table 35. Species composition and landings (in kg) by métier for Barcelona.
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Table 36. Species composition and landings (in kg) by métier for Tarragona.
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Table 37. Species composition and landings (in kg) by métier for Vilanova i la Geltrú.
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Table 38. Species composition and landings (in kg) by métier for Cambrils.
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Table 39. Species composition and landings (in kg) by métier for L’Ametlla de Mar.
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Table 40. Species composition and landings (in kg) by métier for L’Ampolla.
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Table 41. Species composition and landings (in kg) by métier for La Ràpita.
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Table 42. Species composition and landings (in kg) by métier for Les Cases d’Alcanar.
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Hake (Merluccius merluccius) 

Figure 135. Monthly length-frequency distribution of Hake at different depth strata (SCS; Shallow 
Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from January to June 
2021. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) total number of 
measured individuals.

ind/km2
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Figure 136. Monthly length-frequency distribution of Hake atdifferent depth strata (SCS; Shallow Con-
tinental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from July to December 
2021. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) total number of 
measured individuals.

ind/km2
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Norway lobster (Nephrops norvegicus) 

Figure 137. Monthly length-frequency distribution of Norway lobster at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from January 
to June 2021. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) total 
number of measured individuals.

ind/km2
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Figure 138. Monthly length-frequency distribution of Norway lobster at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from July to 
December 2021. Dashed red line indicates the MCRS (Minimum Conservation Reference Size). (n) total 
number of measured individuals.

ind/km2
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Blue and red shrimp (Aristeus antennatus)   

Figure 139. Monthly length-frequency distribution of Blue and red shrimp at different depth strata 
(US; Upper Slope and LS; Lower Slope) from January to June 2021. (n) total number of measured indi-
viduals.
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Figure 140. Monthly length-frequency distribution of Blue and red shrimp at different depth strata 
(US; Upper Slope and LS; Lower Slope) from July to December 2021. (n) total number of measured 
individuals.
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Figure 141. Monthly weight-frequency distribution of Horned octopus at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from January 
to June 2021. (n) total number of measured individuals.

Horned octopus (Eledone cirrhosa) 

ind/km2
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Figure 142. Monthly weight-frequency distribution of Horned octopus at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf, US; Upper Slope and LS; Lower Slope) from July to 
December 2021. (n) total number of measured individuals.

ind/km2
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Spottail mantis shrimp (Squilla mantis)

Figure 143. Monthly length-frequency distribution of Spottail mantis shrimp at different depth strata 
(SCS; Shallow Continental Shelf, CS; Continental Shelf ) from January to June 2021. (n) total number of 
measured individuals.
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Figure 144. Monthly length-frequency distribution of Spottail mantis shrimp at different depth strata 
(SCS; Shallow Continental Shelf, CS; Continental Shelf ) from July to December 2021. (n) total number 
of measured individuals.
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Caramote prawn (Penaeus kerathurus)

Figure 145. Monthly length-frequency distribution of Caramote prawn at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf ) from January to June 2021.  (n) total number of 
measured individuals.
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Figure 146. Monthly length-frequency distribution of Caramote prawn at different depth strata (SCS; 
Shallow Continental Shelf, CS; Continental Shelf ) from July to December 2021. (n) total number of 
measured individuals.
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European sardine (Sardina pilchardus)

Figure 147. Monthly length-frequency distribution of European sardine from 2021. Dashed red line in-
dicates the MCRS (Minimum Conservation Reference Size). (n) total number of measured individuals.

%
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Anchovy (Engraulis encrasicolus) 

Figure 148. Monthly length-frequency distribution of Anchovy from 2021. Dashed red line indicates 
the MCRS (Minimum Conservation Reference Size). (n) total number of measured individuals.

%
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Mediterranean sand eel (Gymnammodytes cicerelus) 

Figure 149. Monthly length-frequency distribution of Mediterranean sand eel from 2021. (n) total 
number of measured individuals.

%
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Smooth sand eel (Gymnammodytes semisquamatus) 

Figure 150. Monthly length-frequency distribution of Smooth sand eel from 2021. (n) total number of 
measured individuals.
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Common octopus (Octopus vulgaris) 

Figure 151. Monthly weight-frequency distribution of Common octopus from January to June 2021. 
Dashed red line indicates the MCRW (Minimum Conservation Reference Weight). (n) total number of 
measured individuals.
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Figure 152. Monthly weight-frequency distribution of Common octopus from July to December 2021. 
Dashed red line indicates the MCRW (Minimum Conservation Reference Weight). (n) total number of 
measured individuals.
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